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heat resistant adhesive property to rubber. Provided is a tire
in which a rubber-cord complex composed of a polyester
cord and a rubber is used as a reinforcing member. The
polyester cord is formed by twisting polyester filaments, and
then subjecting the twisted filaments to an adhesive agent
treatment. The polyester filament is made of a polyester fiber
which is composed of a polyester having ethylene terephtha-
late as a main repeating unit and having an intrinsic viscosity
of 0.85 or higher, wherein the amount of terminal carboxy
group in the fiber is 20 equivalent/ton or larger, the long
period according to small-angle X-ray diffraction is 9 to 12
nm, and a surface treatment agent having an epoxy group is
attached to the surface of the fiber.
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1
TIRE

TECHNICAL FIELD

The present invention relates to a tire, and more particu-
larly, to atire related to the improvement of the heat resistant
adhesive property in a reinforcing material.

BACKGROUND ART

Since polyethylene terephthalate (PET) has a high
strength per weight and is inexpensive, it is used for a
reinforcing member or the like of a tire for a multipurpose
cord. When a cord composed of an organic fiber such as PET
is used as a reinforcing member of a tire, generally, the cord
is subjected to a dipping treatment by an adhesive agent such
as a resorcin-formalin-latex (RFL)-based adhesive agent,
then rubberized, and the obtained cord is applied to a tire as
a rubber-cord complex. However, since there are few reac-
tion active sites on the surface of polyester fiber such as PET
due to its chemical structure, it has been difficult to ensure
the adhesive strength between a filament and an adhesive
agent in a step of combining the cord and the rubber.

As a technique for improving the adhesive property
between PET and rubber, for example, Patent Document 1
discloses a two-bath treatment in which PET is dipped in an
epoxy-based adhesive agent, and then in an RFL-based
adhesive agent. A studies on the improvement of the epoxy-
based adhesive agent is also conducted, and for example,
Patent Document 2 discloses an epoxy-based adhesive agent
composition comprising: a water-soluble polymer; and an
aqueous urethane compound obtained by reacting organic
polyisocyanates containing a structure in which aromatics
are bonded by methylene with a compound having a plu-
rality of active hydrogen atoms and a thermally dissociating
blocking agent.

Here, by a two-bath treatment proposed in the above-
mentioned Patent Document 1 and an epoxy-based adhesive
agent composition proposed in Patent Document 2, the
adhesive property between PET and rubber can be
improved. However, since, when a tire is used under a
high-speed environment and a high-load environment, a
more rigid adhesive property between a polyester fiber and
a rubber under an input of a dynamic strain, in particular, a
heat resistant adhesive property is demanded, the establish-
ment of a new technique has been expected.

Conventionally, when a high-speed durability perfor-
mance test is performed in a state in which a camber angle
is provided, on a tire in which a polyester fiber is applied to
a carcass ply, in particular, on a tire for automobile, a
separation of a carcass ply may occur at the tire side portion,
leading to a failure of a tire at an early stage. This is because
the adhesive strength between a polyester fiber and a rubber
is insufficient.

By a two-bath treatment proposed in the above-mentioned
Patent Document 1 and an epoxy-based adhesive agent
composition proposed in Patent Document 2, the adhesive
property between PET and rubber can be improved. How-
ever, since the adhesive property is insufficient when a tire
is used under a high-speed environment and a high-load
environment, it has been demanded that a more rigid adhe-
sive property between a polyester fiber and a rubber under
an input of a dynamic strain is attained, and that a tire whose
high-speed durability performance is improved is attained.

Further, conventionally, in a run-flat tire in which a
polyester fiber is applied to a carcass ply, a separation failure
of a carcass ply may occur at the tire side portion during
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run-flat travering, leading to a failure of a tire at an early
stage. This is because the adhesive strength between a
polyester fiber and a rubber is insufficient.

By a two-bath treatment proposed in the above-mentioned
Patent Document 1 and an epoxy-based adhesive agent
composition proposed in Patent Document 2, the adhesive
property between PET and rubber can be improved. How-
ever, since the adhesive property is insufficient when a tire
is used under a high-speed environment and a high-load
environment, it has been demanded that a more rigid adhe-
sive property between a polyester fiber and a rubber under
an input of a dynamic strain is attained, and that a run-flat
tire whose run-flat durability performance is improved is
attained.

Still further, conventionally, as one method of improving
the run-flat durability of a run-flat tire, a method in which a
reinforcing cord layer is applied from a shoulder portion to
a side portion of a tread is proposed. However, when a
polyester fiber is used for cord material of the reinforcing
cord layer, a separation failure of a reinforcing cord may
occur during run-flat traveling, leading to a failure of a tire
at an early stage. This is because the adhesive strength
between a polyester fiber and a rubber is insufficient.

By a two-bath treatment proposed in the above-mentioned
Patent Document 1 and an epoxy-based adhesive agent
composition proposed in Patent Document 2, the adhesive
property between PET and rubber can be improved. How-
ever, since the adhesive property is insufficient when a tire
is used under a high-speed environment and a high-load
environment, it has been demanded that a more rigid adhe-
sive property between a polyester fiber and a rubber under
an input of a dynamic strain is attained, and that a run-flat
tire whose run-flat durability performance is improved is
attained.

RELATED ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Unexamined Patent Applica-
tion Publication No. 2000-355875

Patent Document 2: Japanese Unexamined Patent Applica-
tion Publication No. 2001-98245

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

Accordingly, an object of the present invention is to
provide a tire whose durability is improved by using, as a
reinforcing member, a polyester cord having an improved
heat resistant adhesive property to rubber.

Another object of the present invention is to provide a tire
whose high-speed durability performance is improved by
improving a polyester cord to be used for a reinforcing
member of a carcass ply.

Further, still another object of the present invention is to
provide a run-flat tire whose run-flat durability performance
is improved by improving a polyester cord to be used for a
reinforcing member of a carcass ply.

Further, still another object of the present invention is to
provide a run-flat tire whose run-flat durability performance
is improved by improving a polyester cord to be used for a
reinforcing member of a reinforcing cord layer.

Means for Solving the Problems

In order to solve the above-mentioned problems, the
present inventor intensively studied to discover that, by
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twisting a predetermined polyester filament to obtain a cord,
and then allowing the cord to be subjected to an adhesive
agent treatment, a dramatic improvement which can not be
obtained previously in the dynamic adhesive property (heat
resistant adhesive property) of the obtained polyester cord
can be attained, and that, by using the polyester cord as a
reinforcing member of a tire, the durability of a tire can be
improved, thereby completing the present invention.

In other words, the present invention is

a tire in which a rubber-cord complex composed of a
polyester cord and a rubber is used as a reinforcing member,
characterized in that

the polyester cord is formed by twisting polyester fila-
ments, and then subjecting the twisted filaments to an
adhesive agent treatment by using an adhesive agent com-
position, and that

the polyester filament is made of a polyester fiber which
is composed of a polyester having ethylene terephthalate as
a main repeating unit and having an intrinsic viscosity of
0.85 or higher, wherein

the amount of terminal carboxy group in the fiber is 20
equivalent/ton or larger, the long period according to small-
angle X-ray diffraction is 9 to 12 nm, and a surface treatment
agent having an epoxy group is attached to the surface of the
fiber.

In the present invention, the amount of terminal carboxy
group on the surface of the polyester fiber is preferably 10
equivalent/ton or smaller; and also, the crystal size of the
polyester fiber in the fiber lateral axis direction is preferably
35 to 80 nm?. The amount of terminal methyl group in the
polyester fiber is preferably 2 equivalent/ton or smaller; the
titanium oxide content in the polyester fiber is preferably
0.05 to 3.0% by mass; and the epoxy index on the surface of
the polyester fiber is preferably 1.0x10~> equivalent/kg or
lower.

In the present invention, for the adhesive agent compo-
sition, those containing (A) a thermoplastic high molecular
weight polymer composed of an ethylene addition polymer
containing a 2-oxazoline group or a (blocked)isocyanate
group, or a urethane-based high molecular weight polymer
containing a hydrazino group, (B) a water-soluble polymer
composed of a copolymer containing a maleic anhydride
unit and an isobutylene unit or derivatives thereof, (C) a
reaction product of diphenylmethane diisocyanate and a
thermally dissociating blocking agent for isocyanate groups,
a condensate of resorcin and formaldehyde obtained by a
novolac forming reaction, a condensate of chlorophenol,
resorcin, and formaldehyde, a compound composed of an
epoxycresol novolac resin, or an aqueous urethane com-
pound obtained by reacting organic polyisocyanates having
a structure in which aromatics are bonded by methylene, a
compound having a plurality of active hydrogen atoms, and
a thermally dissociating blocking agent for isocyanate
groups, and (D) an aliphatic epoxide compound can be
preferably used.

In this case, the polyester cord is preferably further
subjected to an adhesive agent treatment by a resorcin-
formaldehyde-latex adhesive agent composition. The adhe-
sive agent composition preferably further contains at least
one selected from the group consisting of (E) a metal salt,
(F) a metal oxide, and (G) a rubber latex.

In the present invention, for the adhesive agent compo-
sition, those containing resorcin, formaldehyde, rubber
latex, an emulsion-polymerized blocked isocyanate com-
pound, and ammonia, wherein the content of the emulsion-
polymerized blocked isocyanate compound is 15 to 45% by
mass are also preferably used.
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In this case, the ammonia is preferably contained in the
adhesive agent composition at a rate of 0.5 to 5.0 mol with
respect to 1.0 mol of the resorcin. Further, the rubber latex
is preferably a copolymer rubber latex of vinylpyridine,
styrene and butadiene, and in particular, the rubber latex is
preferably a copolymer rubber latex having a double struc-
ture composed of a two-stage polymerization of vinylpyri-
dine, styrene and butadiene.

The tire of the present invention is preferably a tire
comprising a carcass ply extending toroidally between a pair
of left-and-right bead portions as a skeleton, at least one belt
arranged on the crown portion of the carcass outside in the
tire radial direction, at least one belt reinforcing layer
covering the whole width of the belt, and at least one pair of
belt reinforcing layers covering both end portions of the belt
in the width direction, wherein the reinforcing member is
used for one of or both of the belt reinforcing layer and the
belt reinforcing layers.

The tire of the present invention is also preferably a tire
comprising a carcass ply extending toroidally between a pair
of left-and-right bead portions as a skeleton, wherein the
carcass ply is composed of the reinforcing member.

In this case, the twisting coefficient Nt defined by the
formula of the polyester cord below:

Ni=tan 6=0.001xNx(0.125xD/p)*? 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is preferably from 0.40 to 0.60.
The total fineness of the polyester cord is preferably from
2000 dtex to 5100 dtex, and the melting point of the
polyester cord is preferably 220° C. or higher.

Further, the tire of the present invention is also preferably
a tire comprising a pair of left-and-right bead portions, a pair
of side wall portions each continuing from the bead portion
to the outside in the tire radial direction, a tread portion
bridging between the pair of side wall portions to form a
contacting portion, and further comprising a carcass com-
posed of one or more carcass plies extending toroidally
between the pair of bead portions to reinforce each of these
portions, and a side reinforcing rubber layer having a
crescent shaped cross-section arranged inside the carcass at
the side wall portion, wherein the carcass ply is composed
of the reinforcing member.

In this case, the twisting coefficient Nt defined by the
formula of the polyester cord below:

Ni=tan §=0.001xNx(0.125xD/p)}? 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is preferably from 0.40 to 0.55.
The total fineness of the polyester cord is preferably from
2000 dtex to 5100 dtex, and the melting point of the
polyester cord is preferably 220° C. or higher.

Still further, the tire of the present invention is also
preferably a tire comprising a pair of left-and-right bead
portions, a pair of side wall portions each continuing from
the bead portion to the outside in the tire radial direction, a
tread portion bridging between the pair of side wall portions
to form a contacting portion, and further comprising a
carcass composed of one or more carcass plies extending
toroidally between the pair of bead portions to reinforce
each of these portions, at least one belt arranged on the
crown portion of the carcass outside in the tire radial
direction, and a side reinforcing rubber layer having a
crescent shaped cross-section arranged inside the carcass at
the side wall portion, wherein one or more reinforcing cord
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layers are arranged at least outside of the carcass in the tire
width direction at the tire maximum width position, and the
reinforcing cord layer is composed of the reinforcing mem-
ber.

In this case, the cord angle of the reinforcing cord layer
is preferably smaller than 10° with respect to the tire radial
direction. The reinforcing cord layer preferably extends at
least from the end portion of the belt along the carcass to the
outside of the bead core in the tire radial direction, and also
preferably extends from at least the end portion of the belt
along the carcass to the outside of the bead core in the tire
width direction. Further, the twisting coefficient Nt defined
by the formula of the polyester cord below:

Ni=tan 6=0.001xNx(0.125xD/p)*? 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is preferably from 0.20 to 0.55.
The total fineness of the polyester cord is preferably from
2000 dtex to 5100 dtex. Still further, the carcass ply is
preferably composed of a rubberized cord layer, the cord
being composed of a polyethylene terephthalate or cellulose
fiber.

In the present invention, the term “tire maximum width
position” herein refers to a position where the width in the
tire width direction cross-section is maximum when a tire is
mounted on a rim prescribed in an industrial standard
effective in a region where a tire is manufactured and used
such as JATMA (The Japan Automobile Tyre Manufacturers
Association, Inc.) YEAR BOOK in Japan, ETRTO (Euro-
pean Tyre and Rim Technical Organisation) STANDARDS
MANUAL in Europe, and TRA (THE TIRE and RIM
ASSOCIATION INC.) YEAR BOOK in U.S., and when the
tire is inflated to the maximum air pressure according to the
tire size prescribed in a standard such as JATMA.

Effect of the Invention

According to the present invention, by employing the
above-mentioned constitution, it becomes possible to attain
a tire having an improved durability.

By performing an adhesive agent treatment by using a
predetermined epoxy-based adhesive agent composition, the
obtained cord may have a dramatically improved dynamic
adhesive property (heat resistant adhesive property) which
was not conventionally obtained. Therefore, by using the
cord as a reinforcing member of a tire, in particular, as a
reinforcing member of a carcass ply, a tire having an
improved high-speed durability performance, and a run-flat
tire having an improved run-flat durability performance can
be attained. Also, by using the cord as a reinforcing member
of a reinforcing cord layer, a run-flat tire having an improved
run-flat durability performance can be attained.

Further, in a cord obtained by performing an adhesive
agent treatment by using the above-mentioned adhesive
agent composition formed by further adding a predeter-
mined compound to an adhesive agent liquid (RFL adhesive
agent liquid) containing resorcin, formaldehyde, and rubber
latex, a dramatically improved dynamic adhesive property
(heat resistant adhesive property) which was not conven-
tionally obtained can be attained. Therefore, by using the
cord as a reinforcing member of a tire, in particular, as a
reinforcing member of a carcass ply, a tire having an
improved high-speed durability performance, and a run-flat
tire having an improved run-flat durability performance can
be attained. Also, by using the cord as a reinforcing member
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of'a reinforcing cord layer, a run-flat tire having an improved
run-flat durability performance can be attained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view in the width direction
illustrating one example of a tire of the present invention.

FIG. 2 is a cross-sectional view in the width direction
illustrating another example of a tire of the present inven-
tion.

FIG. 3 is a half cross-sectional view in the width direction
illustrating still another example of a tire of the present
invention.

FIG. 4 is a half cross-sectional view in the width direction
illustrating still another example of a tire of the present
invention.

FIG. 5 is a half cross-sectional view in the width direction
illustrating still another example of a tire of the present
invention.

FIG. 6 is a half cross-sectional view in the width direction
illustrating still another example of a tire of the present
invention.

FIG. 7 is a half cross-sectional view in the width direction
illustrating still another example of a tire of the present
invention.

FIG. 8 is a half cross-sectional view in the width direction
illustrating still another example of a tire of the present
invention.

FIG. 9 is a cross-sectional view illustrating a rubber test
piece used in a dynamic adhesion test in Examples.

FIG. 10 is a schematic diagram illustrating a dynamic
adhesion test method in Examples.

FIG. 11 is a process drawing illustrating a method of
manufacturing a cord for reinforcing a tire in Examples.

MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will now be
described in detail.

First Embodiment

FIG. 1 is a cross-sectional view in the width direction
illustrating one example of a tire of the present invention.
The illustrated tire comprises a pair of left-and-right bead
portions 11 in which a bead core 1 is embedded and a pair
of side wall portions 12, and a tread portion 13 continuing
to both side wall portions 12, and further comprises a carcass
ply 2 toroidally extending between a pair of left-and-right
bead cores 1 to reinforce these portions. On the outside of
the crown portion of the carcass ply 2, two belts 3a, 36 made
of a rubberized reinforcing cord layer in which the cords are
arranged inclined with respect to the tire circumferential
direction, and belt reinforcing layers 4, 5 made of a rubber-
ized organic fiber cord layer in which the cords are arranged
substantially parallel to the tire circumferential direction are
arranged. On the outside of the carcass ply 2 at the bead
portion 11, an insert 6 is arranged.

A tire of the present invention is characterized in that a
rubber-cord complex composed of a polyester cord formed
by twisting specific polyester filament and then subjecting
the twisted filament to an adhesive agent treatment, and a
rubber is used as a reinforcing member. Specifically, in the
tire of the present invention, for a polyester filament used for
a reinforcing member, a specific polyester filament in which
a specific epoxy surface treatment agent is attached to the
fiber surface is used. By employing such a constitution, a
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polyester cord having an improved adhesive property to
rubber which was conventionally hard to be ensured can be
obtained; in particular, the adhesive property between rub-
ber/polyester cord at the time of high heat generation when
a high-intensity dynamic strain is repeatedly applied can be
dramatically improved. Accordingly, in the present inven-
tion, by applying the polyester cord to the reinforcing
member, a tire having an improved durability can be
attained.

<Polyester Filament>

A polyester filament used in the present invention will
now be described.

The polyester filament used in the present invention is
made of a polyester fiber which is composed of a polyester
having ethylene terephthalate as a main repeating unit and
having an intrinsic viscosity of 0.85 or higher, wherein the
amount of terminal carboxy group in the fiber is 20 equiva-
lent/ton or larger, the long period according to small-angle
X-ray diffraction is 9 to 12 nm, and a surface treatment agent
having an epoxy group is attached to the surface of the fiber.

The intrinsic viscosity of the above-mentioned polyester
fiber is needed to be 0.85 or higher, and is preferably 1.10
or lower. More preferably, a polyester fiber whose intrinsic
viscosity is in the range of 0.90 to 1.00 is used. When the
intrinsic viscosity is lower than 0.85, the strength of the
polyester fiber is insufficient; in particular, decrease in
strength in a tire vulcanizing step can not be sufficiently
suppressed.

In the above-mentioned polyester fiber, it is needed that
the amount of terminal carboxy group of the total polymer
is 20 equivalent/ton or higher and that, to the fiber surface,
a surface treatment agent having an epoxy group is attached.
Conventionally, in a polyester fiber used for reinforcing a
tire, for the purpose of improving the heat deterioration
resistance or the like, a method in which the carboxy group
of the polymer is maintained at 15 equivalent/ton or smaller
has been generally used. However, since a polyester fiber for
reinforcing a tire highly needs to maintain the adhesive
property to rubber in addition to maintain the strength
retention, the present inventors found that in cases where the
long period according to small-angle X-ray diffraction is as
small as 9 to 12 nm, and the surface thereof has been
subjected to an epoxy treatment, such as in the case of a
polyester fiber of the present invention, the amount of
carboxy group of 20 equivalent/ton or larger is optimal for
reinforcing a tire. The upper limit of the amount of carboxy
group in the polymer is preferably 40 equivalent/ton or
smaller, and more preferably, in a range of 21 to 25 equiva-
lent/ton.

Here, as a surface treatment agent having an epoxy group
which is to be attached to the surface of the above-men-
tioned polyester fiber, those containing an epoxy compound
which is a mixture of one, or two or more types of epoxy
compounds having two or more epoxy groups in one mol-
ecule are suitable. More specifically, halogen-containing
epoxy compounds are preferred, and examples thereof
include those obtained by synthesis with epichlorohydrin
polyhydric alcohol or polyvalent phenol. A compound such
as glycerolpolyglycidylether is preferred. The amount of a
surface treatment agent containing such an epoxy compound
attached to the fiber surface is preferably in the range of 0.05
to 1.5% by mass, preferably, 0.10 to 1.0% by mass. Into the
surface treatment agent, a smoothing agent, an emulsifier, an
antistatic agent or other additives, or the like may be mixed
as needed.

Further, in the above-mentioned polyester fiber, the long
period according to small-angle X-ray diffraction needs to
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be 9 to 12 nm. The term “long period according to small-
angle X-ray diffraction” herein refers to the interval between
crystals in the polyester polymer in the fiber vertical axis
direction. The long period in a polyester fiber of the present
invention is characterized in that the period is short and the
number of tie molecules connecting crystals is large. As the
result, the strength retention rate when the polyester fiber is
used for a tire reinforcing fiber can be maintained high. By
making the long period in the above-mentioned range, the
physical properties of the fiber can be made appropriate for
a tire reinforcing fiber having high modulus and low degree
of shrinkage. Usually, for the range of the long period, 9 nm
is the lower limit. Preferably, the long period according to
small-angle X-ray diffraction of the above-mentioned poly-
ester fiber is in a range of 10 to 11 nm.

In the present invention, the amount of terminal carboxy
group on the surface (original yarn surface) of the above-
mentioned polyester fiber is preferably 10 equivalent/ton or
smaller. The amount of carboxy group of whole polymer in
the polyester fiber of the present invention is, as mentioned
above, needed to be 20 equivalent/ton or higher; the amount
of carboxy group on the fiber surface is preferably 10
equivalent/ton or smaller, which is smaller than that of the
whole polymer due to the reaction with an epoxy compound
attached to the fiber surface. As mentioned above, by the
reaction of carboxy group in the polymer with an epoxy
group on the fiber surface, a polyester resin of the present
invention has a very excellent adhesion performance. At the
same time, when a large amount of terminal carboxy group
on the fiber surface is left, the heat resistance and adhesive
property tend to deteriorate.

In the above-mentioned polyester fiber, the crystal size in
the fiber lateral axis direction is preferably in the range of 35
to 80 nm?®. Although the polyester fiber of the present
invention has a long period which is the interval of crystals
in the fiber vertical axis of as short as 12 nm or shorter, since
the size of the crystal needs to be large for obtaining a high
strength fiber, in the present invention, the crystal size of the
fiber in the lateral axis direction preferably grows to 35 nm>
or larger. It is noted that since the fiber becomes rigid and the
fatigue performance deteriorates when the crystal size is too
large, the crystal size is preferably 80 nm? or smaller. The
crystal size in the fiber lateral axis direction is more pref-
erably in the range of 40 to 70 nm?>. As mentioned above, by
the development of crystal of the fiber in the lateral axis
direction, tie molecule is likely to develop also in the fiber
lateral axis direction, and a three-dimensional structure is
built in the longitudinal and lateral direction of the fiber,
thereby obtaining a fiber which is particularly suitable for
reinforcing a tire. Further, since the fiber has such a three-
dimensional structure, the loss coeflicient of the fiber tan &
becomes low. As the result, the amount of heat under a cyclic
stress can be suppressed, and it becomes possible to highly
keep the adhesion performance after providing a cyclic
stress, thereby obtaining a fiber which is particularly pre-
ferred for reinforcing a tire.

Further, in the above-mentioned polyester fiber, the
amount of terminal methyl group in the fiber is preferably 2
equivalent/ton or smaller; more preferably, terminal methyl
group is not contained in the fiber. This is because, since the
methyl group in polyester polymer has low reactivity and do
not react with an epoxy group at all, a reaction between a
carboxy group and an epoxy group which is effective for the
improvement of the adhesive property is likely to be inhib-
ited. When there are no terminal methyl group or a small
amount of terminal methyl group in the polymer constituting
the fiber, a high reactivity with an epoxy group in a surface



US 9,463,669 B2

9

treatment agent is ensured, and a high adhesive property and
surface protecting ability can be ensured.

Still further, in the above-mentioned polyester fiber, the
titanium oxide content in the fiber is preferably 0.05 to 3.0%
by mass. When the titanium oxide content is smaller than
0.05% by mass, the smoothing effect for distributing a stress
applied between a roller and the fiber in a drawing step or the
like is likely to be insufficient, and may be disadvantageous
for making the strength of the finally obtained fiber high. On
the other hand, when the content of titanium oxide is larger
than 3.0% by mass, titanium oxide functions as a foreign
matter inside the polymer to inhibit the drawing property,
and the strength of finally obtained fiber is likely to decrease.

Still further, in the above-mentioned polyester fiber, the
epoxy index of the surface of the fiber is preferably 1.0x107>
equivalent/kg or smaller. Specifically, the epoxy index per 1
kg of polyester fiber is preferably 0.01x107> to 0.5x107>
equivalent/kg. When the epoxy index of the fiber surface is
high, there tend to be a large amount of unreacted epoxy
compound. For example, a large amount of viscous scum on
guides or the like in a twisting step is generated, and the
passability of a fiber in a process decreases, and at the same
time, a problem which causes decrease in the product quality
such as twist unevenness occurs.

The strength of the above-mentioned polyester fiber is
preferably in a range of 4.0 to 10.0 cN/dtex. Both when the
strength is too low and when the strength is too high, the
durability in rubber tends to deteriorate. For example, when
the production of the fiber is performed at the highest
strength, breaking of a thread in a spinning step tends to
occur, which is likely to be detrimental to the quality
stability in an industrial fiber. Degree of the dry heat
shrinkage of the fiber at a temperature of 180° C. is
preferably in a range of 1 to 15%. When the degree of the
dry heat shrinkage is too high, the change in the size during
processing tends to be large, and the dimensional stability of
a molding for which the fiber is used tends to become poor.
<Adhesive Agent Treatment>

A polyester cord to be used in the present invention is
formed by twisting the above-mentioned polyester filament
and then subjecting the twisted filament to an adhesive agent
treatment by using an adhesive agent composition. The
adhesive agent composition to be used in the present inven-
tion is not particularly restricted, and, for example, a variety
of adhesive agent compositions which are conventionally
known in the field of organic fiber cord for a tire reinforcing
member such as RFL formulations can be used.

An adhesive agent treatment in which the above-men-
tioned adhesive agent composition is used can be performed
in accordance with a conventional method, but not particu-
larly restricted thereto. Examples of a method of coating an
adhesive agent composition on a cord include a method of
dipping a cord in an adhesive agent composition, a method
of applying an adhesive agent composition using a brush,
and a method of spraying an adhesive agent composition,
and an appropriate method can be selected as needed. The
method of coating an adhesive agent composition on the
cord surface is not particularly restricted. When the adhesive
agent composition is coated on the cord surface, the viscos-
ity of the adhesive agent composition is preferably reduced
by resolving in a variety of solvents since the application
thereof becomes easy. Such a solvent is preferably mainly
composed of water from the environmental point of view.

The cord which has been coated with an adhesive agent
composition may be dried at a temperature of, for example,
100° C. to 210° C. The subsequent heat treatment is pref-
erably performed at a temperature not lower than the glass-
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transition temperature of a polymer made of a resin material
constituting the cord, and preferably at a temperature in the
range of from [the melting temperature —70° C.] of the
polymer to [the melting temperature —10° C.] of the poly-
mer. This is because the bonding strength between the
adhesive agent composition and the resin material can not be
obtained since, when the temperature is lower than the
glass-transition temperature of the polymer, the molecular
mobility of the polymer is poor, and a sufficient interaction
between a component in the adhesive agent composition
which accelerates adhesion and the polymer can not be
obtained. Such a resin material may be subjected in advance
to a preprocessing treatment by an electron beam, a micro-
wave, a corona discharge, a plasma treatment or the like. The
dry weight of the adhesive agent composition with which the
cord is coated is preferably 0.5 to 6.0% by mass with respect
to the weight of the cord.

By a method in which a polyester cord obtained by being
subjected to an adhesive agent treatment as mentioned above
is embedded in an unvulcanized rubber to be vulcanized, or
the like, a rubber-cord complex in which the cord and the
rubber are rigidly bonded to each other can be obtained.
<Epoxy-Based Adhesive Agent Composition>

Examples of adhesive agent compositions to be used for
the adhesive agent treatment of a polyester cord of the
present invention suitably include a specific epoxy-based
adhesive agent composition described in detail below.

Examples of the epoxy-based adhesive agent composition
of the present invention include those containing (A) a
thermoplastic high molecular weight polymer composed of
an ethylene addition polymer containing a 2-oxazoline
group or a (blocked)isocyanate group, or a urethane-based
high molecular weight polymer containing a hydrazino
group, (B) a water-soluble polymer composed of a copoly-
mer containing a maleic anhydride unit and an isobutylene
unit or derivatives thereof, (C) a reaction product of diphe-
nylmethane diisocyanate and a thermally dissociating block-
ing agent for isocyanate groups, a condensate of resorcin and
formaldehyde obtained by a novolac forming reaction, a
condensate of chlorophenol, resorcin, and formaldehyde, a
compound composed of an epoxycresol novolac resin, or an
aqueous urethane compound obtained by reacting organic
polyisocyanates having a structure in which aromatics are
bonded by methylene, a compound having a plurality of
active hydrogen atoms, and a thermally dissociating block-
ing agent for isocyanate groups, and (D) an aliphatic epoxide
compound.

(A) The thermoplastic high molecular weight polymer is
an ethylene addition polymer whose principal chain is an
acrylic polymer, a vinyl acetate polymer, a vinyl acetate
ethylene polymer, or the like, or a urethane-based high
molecular weight polymer composed mostly of a linear
chain structure. When the principal chain of the thermoplas-
tic high molecular weight polymer is composed of an
ethylene addition polymer, it is preferred that the ethylene
addition polymer is substantially composed of a monomer
having one carbon-carbon double-bond, and that a carbon-
carbon double-bond having a hydrogen group at a sulfur-
reactive allylic position introduced by a conjugated diene
monomer or the like is 10% or lower by the monomer
composition ratio. Examples of a cross-linkable functional
group as a pendant group of the thermoplastic high molecu-
lar weight polymer include an oxazoline group, and a
(blocked)isocyanate group. The thermoplastic high molecu-
lar weight polymer is preferably a high molecular weight
polymer which is composed mostly of a linear chain struc-
ture and having a relatively high molecular weight region,
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and particularly preferably, the weight-average molecular
weight based on polystyrene is 10,000 or higher. Further, the
thermoplastic high molecular weight polymer is preferably
a molecular having a relatively low to intermediate molecu-
lar weight region, and particularly preferably, a molecular
having a molecular weight of 9,000 or lower. Still further,
the thermoplastic high molecular weight polymer is prefer-
ably composed of an ethylene addition polymer containing
a 2-oxazoline group as a pendant group. Still further, the
thermoplastic high molecular weight polymer is preferably
a polyurethane-based polymer whose principal chain is
composed mostly of a linear chain structure and which
contains a hydrazino group as a pendant group.

The above-mentioned thermoplastic high molecular
weight polymer is a thermoplastic resin to be contained in an
adhesive agent composition for the purposed of increasing
the flexibility of the adhesive agent composition matrix
which tends to become hard by containing an aliphatic
epoxide compound and a water-soluble polymer or an aque-
ous urethane compound. In the case of rubber articles
containing sulfur, since, if the principal chain skeleton of the
thermoplastic high molecular weight polymer has sulfur-
reactivity, the heat deterioration of the adhesion accompa-
nied by sulfur crosslinking becomes large, in the present
invention, the thermoplastic high molecular weight polymer
substantially does not have a carbon-carbon double-bond
having a hydrogen atom at an allylic position. When the
thermoplastic high molecular weight polymer contains a
cross-linkable functional group which bonds as a pendant
group in a principal chain skeleton, in particular, an active
hydrogen on the synthetic resin surface or a cross-linkable
group on a carbonyl group in an appropriate amount, a bond
between a coat layer of an adhesive agent composition and
the synthetic resin surface is obtained, and at the same time,
molecular flow at high temperature is inhibited by intramo-
lecular cross-linking and the adhesive strength at high
temperature is improved, which is preferred. An excess
amount of cross-linking group is not preferred since the
chemical heat resistance is reduced. The amount of cross-
linkable functional group contained in the thermoplastic
high molecular weight polymer depends on the molecular
weight of the principal chain skeleton of the thermoplastic
high molecular weight polymer, the type of a cross-linkable
functional group as a pendant group or the molecular weight.
Usually, the amount of such a cross-linkable functional
group is preferably in a range 0f 0.01 mmol/g to 6.0 mmol/g
with respect to the total dry weight of the thermoplastic high
molecular weight polymer.

As mentioned above, the above-mentioned thermoplastic
high molecular weight polymer has, as a main skeleton, a
thermoplastic organic polymer which is widely used for a
variety of applications as an adhesive agent, a gluing agent,
a paint, a binder, a resin modifying agent, a coating agent, or
the like, and substantially does not contain in the principal
chain structure a carbon-carbon double-bond having a
hydrogen atom at an allylic position which is a reaction point
of a cross-linking agent such as sulfur, and has a cross-
linkable functional group as a pendant group. Although the
thermoplastic high molecular weight polymer may have a
carbon-carbon double-bond when the polymer has a struc-
ture such as a side chain other than a principal chain, the
double-bond is preferably a carbon-carbon double-bond
having a low reactivity with sulfur, for example, a carbon-
carbon double-bond or the like of an aromatic which is
stable due to its resonance structure. In particular, industri-
ally, as the thermoplastic high molecular weight polymer, an
ethylene addition polymer such as an acrylic polymer, a
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vinyl acetate polymer, and a vinyl acetate ethylene polymer
can be preferably used. Also a thermoplastic organic poly-
mer such as a urethane-based high molecular weight poly-
mer having a relatively high molecular weight region com-
posed mostly of a linear chain structure can be preferably
used since the cohesive failure resistance by a urethane bond
having a large cohesive energy present in the molecule or by
an intermolecular secondary bond due to the urethane bond
is high and the durability becomes favorable.

In the following, descriptions will be made for two cases:
(1) where the principal chain of thermoplastic high molecular
weight polymer is an ethylene addition polymer, and, (ii)
where the principal chain of the thermoplastic high molecu-
lar weight polymer is a urethane-based high molecular
weight polymer.

(1) When the principal chain of the thermoplastic high
molecular weight polymer is composed of an ethylene
addition polymer, the polymer is composed of a unit derived
from an ethylenic unsaturated monomer having one carbon-
carbon double-bond and a monomer containing two or more
carbon-carbon double-bonds, and preferably, the amount of
a carbon-carbon double-bond having an addition reactivity
is 10 mol % or smaller by the monomer composition ratio
based on the total amount of monomer to be added, and
preferably 0 mol %.

When the polymer is a thermoplastic high molecular
weight polymer whose principal chain is composed of an
ethylene addition polymer, example of the monomer con-
stituting the principal chain skeleton which is an ethylenic
unsaturated monomer having one carbon-carbon double-
bond include: an a-olefins such as ethylene, propylene,
butylene, and isobutylene; a,f-unsaturated aromatic mono-
mers such as styrene, a-methyl styrene, monochlorostyrene,
vinyltoluene, vinylnaphthalene, styrene, and sodium sul-
fonate; ethylenic carboxylic acids such as an itaconic acid,
a fumaric acid, a maleic acid, an acrylic acid, a methacrylic
acid, and a butene tricarboxylic acid, and salts thereof; acid
anhydrides such as maleic anhydride, and itaconic acid
anhydride; esters of an unsaturated carboxylic acid such as
(meth)acrylic acid methyl, (meth)acrylic acid ethyl, (meth)
acrylic acid butyl, (meth)acrylic acid 2-ethyl hexyl, (meth)
acrylic acid methoxy polyethylene glycol, (meth)acrylic
acid 2-hydroxyethyl, and (meth)acrylic acid 2-amino ethyl;
monoesters of an ethylenic dicarboxylic acid such as
itaconic acid monoethyl ester, fumaric acid monobutyl ester,
and maleic acid monobutyl ester; diesters of an ethylenic
dicarboxylic acid such as itaconic acid diethylester, and
fumaric acid dibutyl ester; amides of an «,p-ethylenic
unsaturated acid such as acrylamide, maleic acid amide,
N-methylol acrylamide, N-(2-hydroxyethyl)acrylamide,
methacrylamide, N-methylol methacrylamide, N-(2-hy-
droxyethyl)methacrylamide, and maleic acid amide;
hydroxyl group-containing monomers such as 2-hydroxy-
ethyl(meth)acrylate, polyethylene glycol mono(meth)acry-
late; unsaturated nitriles such as acrylonitrile, methacrylo-
nitrile, fumaronitrile, and a-chloroacrylnitrile; vinylethers
such as methyl vinylether, and ethyl vinylether; vinylketone;
vinyl amide; halogen-containing a,f-unsaturated monomers
such as vinyl chloride, vinylidene chloride, vinyl fluoride,
and vinylidene fluoride; a vinyl compound such as
vinyl acetate, vinyl valerate, vinyl caprylate, and vinylpyri-
dine; addition polymerizable oxazolines such as 2-isopro-
penyl-2-oxazoline; heterocyclic vinyl compounds such as
vinylpyrrolidone; and unsaturated bond-containing silane
compounds such as vinylethoxy silane, and a-methacry-
loxypropyl trimethoxy silane. Any of these may be used
singly or two or more of these may be used in combination.
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It is preferred that a thermoplastic high molecular weight
polymer is obtained by radical addition polymerization of
these monomers.

Examples of a monomer constituting a principal chain
skeleton which contains two or more carbon-carbon double-
bonds include conjugated diene monomers such as a halo-
gen-substituted butadiene of 1,3-butadiene, 2-methyl-1,3-
butadiene, 2,3-dimethyl-1,3-butadiene, and chloroprene;
examples of unconjugated diene monomer include uncon-
jugated diene monomers such as vinyl norbornene, dicyclo-
pentadiene, and 1,4-hexadiene. Any of these may be used
singly or two or more of these may be used in combination.

The thermoplastic high molecular weight polymer whose
principal chain is composed of an ethylene addition polymer
is composed of a unit derived from an ethylenic unsaturated
monomer having one carbon-carbon double-bond and a
monomer containing two or more carbon-carbon double-
bonds, and preferably, the amount of a carbon-carbon
double-bond which is sulfur-reactive is 10 mol % or smaller
by the monomer composition ratio based on the total amount
of monomer to be added, and preferably 0 mol %.

The glass-transition temperature of the thermoplastic high
molecular weight polymer obtained by radical addition
polymerization of the above-mentioned monomer is prefer-
ably from -90° C. to 180° C., more preferably from -50° C.
to 120° C., and still more preferably from 0° C. to 100° C.
This is because, when the glass-transition temperature of the
thermoplastic high molecular weight polymer is lower than
-90° C., the creep when the polymer is used at a high
temperature becomes large; and when the glass-transition
temperature is 180° C. or higher, the polymer becomes too
hard so that the stress relaxation which is specific to a soft
thermoplastic resin becomes small, and the cord fatigability
under a high strain environment such as when a tire is used
becomes low.

Examples of the cross-linkable functional group which is
introduced into a thermoplastic high molecular weight poly-
mer obtained by radical addition polymerization as a pen-
dant group include an oxazoline group, an epoxy group, an
aziridine group, a carbodiimide group, a bismaleimide
group, a blocked isocyanate group, a hydrazino group, and
an epithio group. The reason why the cross-linkable func-
tional group is introduced is that the adhesive property is
improved by cross-linking reaction with other adhesive
agent composition components or adherend components in
contact with the thermoplastic high molecular weight poly-
mer.

The method of obtaining a thermoplastic high molecular
weight polymer by introducing a cross-linkable functional
group into a polymer obtained by radical addition polym-
erization is not particularly restricted. For example, a
method of copolymerizing an addition polymerizable mono-
mer having oxazoline, an addition polymerizable monomer
having an epoxy group, an addition polymerizable monomer
having maleimide, an addition polymerizable monomer hav-
ing a blocked isocyanate group, an addition polymerizable
monomer having an epithio group, or the like when polym-
erizing a polymer obtained by the above-mentioned radical
addition polymerization can be employed (Japanese Unex-
amined Patent Application Publication No. 2001-98245,
[0061]).

The addition polymerizable monomer having oxazoline
as a pendant group is represented by the formula below:
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R? R?

Rl—l C—R*

| I
N, (0]
%C/

RS

(wherein R*, R?, R?, and R* each independently represents
hydrogen, halogen, alkyl, aralkyl, phenyl or substituted
phenyl, R® is a noncyclic organic group having an addition
polymerizable unsaturated bond).

Examples of a monomer having oxazoline include 2-vi-
nyl-2-oxazoline, 2-vinyl-4-methyl-2-oxazoline, 2-vinyl-5-
methyl-2-oxazoline, 2-isopropenyl-2-oxazoline, 2-isoprope-
nyl-4-methyl-2-oxazoline, and 2-isopropenyl-5-ethyl-2-
oxazoline. Since, among these, 2-isopropenyl-2-oxazoline is
suitable since it is easily available also industrially.

As an addition polymerizable monomer having as a
pendant group a blocked isocyanate group, a compound
represented by the formula below:

R O 0
I Il

CH,—CCOXCNHYNHCZ

(wherein RS is a hydrogen atom or a methyl group; X is
—OBO— (B is an alkylene group having 2 to 10 carbon
atoms optionally substituted by a halogen atom or an alkyl
group) or —NH—; Y is an isocyanate residue of aromatic
diisocyanate; and Z is a hydrogen residue of ketoxime) is
preferred.

The addition polymerizable monomer having as a pendant
group a blocked isocyanate group is obtained by addition
reaction of a polymerizable monomer having an isocyanate
group such as 2-methacryloyloxyethyl isocyanate to a
known blocking agent. Examples of the known blocking
agent which blocks an isocyanate group include: phenols
such as phenol, thiophenol, chlorophenol, cresol, resorcinol,
p-sec-butylphenol, p-tert-butylphenol, p-sec-amylphenol,
p-octylphenol, and p-nonylphenol; secondary or tertiary
alcohols such as isopropyl alcohol, and tert-butyl alcohol;
aromatic secondary amines such as diphenyl amine, and
xylidine; phthalic imides; lactams such as e-caprolactam,
and d-valerolactam; caprolactams such as e-caprolactam;
active methylene compounds such as malonic acid dialky-
lester, acetylacetone, acetoacetic acid alkylester; oximes
such as acetoxime, methylethylketoxime, cyclohexanoneox-
ime; basic nitrogen compounds such as 3-hydroxypyridine;
and acidic sodium sulfite.

As the above-mentioned thermoplastic high molecular
weight polymer, a thermoplastic high molecular weight
polymer having a oxazoline group in which a cross-linking
functional group has a favorable preservation stability in the
case of long-term storage, or the like is suitably used.

The above-mentioned thermoplastic high molecular
weight polymer composed of an ethylene addition polymer
is preferably water-dispersible or water-soluble since water
which is harmless to environment can be used as a solvent.
The polymer is particularly preferably a water-dispersible
resin.

(i) When the thermoplastic high molecular weight poly-
mer is composed of a urethane-based high molecular weight
polymer, in the present invention, the main structure of the
thermoplastic high molecular weight polymer is a high
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molecular weight polymer having a large amount of bonds
caused by a reaction between an isocyanate group and an
active hydrogen mainly such as urethane bonds or urea
bonds obtained by polyaddition reaction of polyisocyanate
and a compound having two or more active hydrogen atoms.
It is obvious that examples of the polymer include a polymer
containing not only the bonds caused by the reaction
between an isocyanate group and an active hydrogen but
also an ester bond, an ether bond, and an amide bond
contained in the molecule of the active hydrogen compound,
and urethodione, carbodiimide generated by the reaction
between isocyanate groups, or the like.

Examples of a cross-linking functional group to be intro-
duced as a pendant group into a urethane-based high
molecular weight polymer obtained by the above-mentioned
polyaddition polymerization include a hydrazino group. The
hydrazino group is preferred because the adhesive strength
becomes preferable.

A thermoplastic high molecular weight polymer com-
posed of the above-mentioned urethane-based high molecu-
lar weight polymer is preferably aqueous since water which
is harmless to environment can be used as a solvent.

For the polyisocyanate to be used for the synthesis of a
urethane-based high molecular weight polymer in the pres-
ent invention, conventionally generally used aromatic, ali-
cyclic organic polyisocyanate can be used, and examples
thereof include isocyanate compounds such as toluene dii-
socyanate, diphenylmethane diisocyanate, 1,6-hexamethyl-
ene diisocyanate, 2,2,4(2,4,4)-trimethylhexamethylene dii-
socyanate, p-phenylene diisocyanate, 4.4'-
dicyclohexylmethane diisocyanate, 3,3'-dimethyldiphenyl,
4.4'-diisocyanate, dianisidine isocyanate, m-xylene diiso-
cyanate, hydrogenated xylene diisocyanate, 1,3-bis(isocya-
natomethyl)cyclohexane, tetramethylxylene diisocyanate,
isoholon diisocyanate, 1,5-naphthalene diisocyanate, 1,4-
cyclohexyl diisocyanate, lysine isocyanate, dimethyltriph-
enylmethane tetraisocyanate, triphenylmethane triisocya-
nate, tris(isocyanate phenyl)thiophosphate, urethane
modified toluene diisocyanate, allophanate modified toluene
diisocyanate, biuret modified toluene diisocyanurate, iso-
cyanurate modified toluenediisocyanate, urethane modified
diphenylmethanediisocyanate,  carbodiimide  modified
diphenylmethanediisocyanate, acyl ureide modified diphe-
nylmethane diisocyanate, and polymeric diphenylmethane
diisocyanate, but not limited thereto. Any of these may be
used singly or two or more of these may be used in
combination.

Examples of a compound having two or more active
hydrogen atoms to be used in the synthesis of urethane-
based high molecular weight polymer in the present inven-
tion include those having, on the terminal of the molecule or
in the molecule, two or more hydroxyl groups, carboxyl
groups, amino groups or mercapto groups, which is gener-
ally known polyether, polyester, polyetherester, polythio-
ether, polyacetal, polysiloxane or the like. Preferably, they
are a polyether or polyester having, on the terminal of the
molecule, two or more hydroxyl groups. Such compounds
having two or more active hydrogen atoms preferably have
a molecular weight of 50 to 5,000.

Specific examples thereof include low molecular weight
polyols such as ethylene oxide or propylene oxide adducts of
ethylene glycol, 1,2-propanediol, 1,3-propanediol, 1,2-bu-
tanediol, 1,3-butanediol, 1,4-butanediol, 2,3-butanediol,
2,2-dimethyl-1,3-propanediol, 1,2-pentanediol, 1,4-pen-
tanediol, 1,5-pentanediol, 2,4-pentanediol, 3,3-dimethyl-1,
2-butanediol,  2-ethyl-2-methyl-1,3-propanediol, 1,2-
hexanediol, 1,5-hexanediol, 1,6-hexanediol, 2,5-hexanediol,
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2-methyl-2,4-pentanediol, 1,7-heptanediol, 2-methyl-2-pro-
pyl-1,3-propanediol, 2,5-dimethyl-2,5-hexanediol, 1,2-oc-
tanediol, 1,8-octanediol, 2,2,4-trimethyl-1,3-pentanediol,
propylenediol, glycerin, trimethylolpropane, 1,2,6-hexane
triol, hydrogenated bisphenol A, or bisphenol A; low
molecular weight polyols such as carboxy group-containing
polyols such as 2,2-bis(thydroxymethyl)propionic acid, 2,2-
bis(hydroxymethyl)butanoic acid, 2,5,6-trimethoxy-3,4-di-
hydroxyhexane acid, 2,3-dihydroxy-4,5-dimethoxypentane
acid.

Examples of the high molecular weight polyols include:
polyether polyols such as polypropylene glycol, polyethyl-
ene glycol, polytetramethylene glycol, ethylene oxide/pro-
pylene oxide copolymer, THF/ethylene oxide copolymer,
THEF/propylene oxide copolymer; polyester polyols such as
a dimethylol propionic acid, polyethylene adipate, poly
(propylene adipate), poly-e-caprolactone, and copolymers
thereof; polyether ester polyol, polycarbonate polyol of
polycarbonic acid ester compound or the like, hydrocarbon-
skeleton polyol, and polyaddition product thereof, but not
limited thereto. Any of these may be used singly or two or
more of these may be used in combination.

At least one type of the compound having two or more
active hydrogen atoms to be used for the above-mentioned
polyurethane-based high molecular weight polymer prefer-
ably contains a compound containing aromatics or a struc-
ture in which aromatics are bonded by methylene. This is
because, by containing a structure in which aromatics are
bonded by methylene, adhesion to polyester material can be
obtained. A compound containing a structure in which
aromatics are connected by a bond other than methylene is
also preferred because it has a similar effect.

A concrete method of synthesizing a urethane-based high
molecular weight polymer having a hydrazino group as a
pendant group is not particularly restricted. Specifically, for
example, firstly, a urethane-based high molecular weight
polymer having a terminal isocyanate obtained by reacting
a compound having two or more active hydrogen atoms with
an excessive amount of polyisocyanate by polyaddition
reaction or the like is manufactured. After neutralizing the
polymer by a neutralizer such as a tertiary amine, water is
added to change the phase, then chain extension is prefer-
ably performed by a polyfunctional carboxylic acid poly-
hydrazide, and a treatment of hindering terminal isocyanate
is preferably performed.

The reaction between the above-mentioned compound

having two or more active hydrogen atoms and an excessive
amount of polyisocyanate can be performed by a conven-
tionally known single-stage or multi-stage isocyanate addi-
tion reaction method at room temperature or under a con-
dition at a temperature of about 40 to 120° C. In the
above-mentioned reaction,
a known catalyst such as dibutyl tin dilaurate, stannous
octoate, or triethylamine, a reaction controlling agent such
as a phosphoric acid, an adipic acid, or benzoyl chloride,
and, an organic solvent which does not react with an
isocyanate group may be used. Examples of the above-
mentioned solvent include ketones such as acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone; ethers
such as tetrahydrofuran, or dioxane; esters such as ethyl
acetate; amide solvents such as N-methylpyrrolidone; tolu-
ene; and xylene.

Examples of a neutralizer to be used in the above-
mentioned reaction include amines such as ammonia, trim-
ethyl amine, triethylamine, tripropyl amine, triethanol
amine, monoethanol amine, N-methylmorpholine, morpho-
line, 2,2-dimethyl monoethanol amine, N,N-dimethyl
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monoethanol amine, sodium hydroxide, and potassium
hydroxide. Examples of polyfunctional carboxylic acid
polyhydrazide to be used in the above-mentioned reaction
include oxalic acid dihydrazide, malonic acid dihydrazide,
glutaric acid dihydrazide, adipic acid dihydrazide (ADH),
sebacic acid dihydrazide, dodecanedionic acid dihydrazide,
maleic acid dihydrazide, fumaric acid dihydrazide, itaconic
acid dihydrazide, isophthalic acid dihydrazide, terephthalic
acid dihydrazide, 4,4'-oxybis benzenesulfonyl hydrazide,
trimesic acid trihydrazide, 1,3-bis(hydrazino carboethyl)-5-
isopropylhydantoin (VDH), eicosanoic dihydrazide, 7,11-
octadecadiene-1,18-dicarbohydrazide, polyacrylic acid
hydrazide, and acrylamide-acrylic acid hydrazidecopoly-
mer. Among these, adipic acid dihydrazide, isophthalic acid
dihydrazide, and 1,3-bis(thydrazino carboethyl)-5-isopropy-
lhydantoin (VDH) are preferably used.

As needed, N-alkyl dialkanol amine such as diamine, poly
amine, N-methyl diethanolamine; and a known chain
extending agent such as dihydrazide compound may also be
used.

The above mentioned high molecular weight polymers
obtained by reacting polyisocyanate with a compound hav-
ing two or more active hydrogen atoms by polyaddition
reaction preferably have a glass-transition temperature of
from -90° C. to 180° C., more preferably from -50° C. to
120° C., and still more preferably from 0° C. to 100° C. This
is because, when the glass-transition temperature of the
urethane-based high molecular weight polymer is lower than
-90° C., the creep when the polymer is used at a high
temperature becomes large; and when the glass-transition
temperature is 180° C. or higher, the polymer becomes too
hard so that the stress relaxation which is specific to a soft
thermoplastic resin becomes small. The cord fatigability
under a high strain environment such as when a tire is used
becomes low, which is also not preferred.

The molecular weight of the thus obtained urethane-based
thermoplastic high molecular weight polymer is Mw
(weight-average molecular weight)=10,000 or higher in
terms of polystyrene by gel permeation chromatography,
and more preferably 20,000 or higher. This is because, when
the molecular weight is small, an improvement effect of
absorbing a strain due to adhesion by an adhesive agent
composition of a urethane-based high molecular weight
polymer is not obtained. When a water dispersion of the
obtained urethane-based high molecular weight polymer
contains an organic solvent, the organic solvent can be
distilled away under a reduced pressure and a heating
condition as needed.

The water-soluble polymer (B) dissolves in water or an
aqueous solution containing an electrolyte. The water-
soluble polymer contains a carboxyl group in the molecule.
The principal chain of water-soluble polymer having a
carboxyl group is isobutylene-maleic anhydride copolymer
or derivatives thereof. Further, the water-soluble polymer of
the present invention may be a salt of the above-mentioned
compound. The water-soluble polymer may be used by
being dissolved in water, and may also be used by dissolving
a salt obtained by neutralizing the polymer by a basic
material. Specific examples of the water-soluble polymer
include an isobutylene-maleic anhydride copolymer, or, a
product neutralized by these basic materials.

The basic material which neutralizes the water-soluble
polymer is not particularly restricted as long as it is a basic
material, and examples thereof include hydroxides of an
alkaline metal or an alkaline-earth metal such as sodium
hydroxide, potassium hydroxide, and lithium hydroxide;
ammonia; amines such as methyl amine, ethyl amine, propyl
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amine, dimethyl amine, triethylamine, monoethanol amine,
and diethanolamine; carbonic acid salts of alkaline metal
such as sodium carbonate, potassium carbonate; acetates of
an alkaline metal such as acetic acid sodium, and potassium
acetate; and phosphoric acid salt of alkaline metal such as
phosphoric acid trisodium. Among these, sodium hydroxide,
potassium hydroxide, ammonia, trimethyl amine, or trieth-
ylamine is preferably used. Particularly preferably, com-
pared with a base containing an alkaline metal component
having an effect of hydrolyzing and deteriorating a resin
material such as polyester, a volatile base having a boiling
point of 150° C. or lower, in particular, 100° C. or lower such
as ammonia, trimethyl amine, triethylamine which dissi-
pates in a heating step after a resin material is applied.

The structure of the water-soluble polymer is not particu-
larly restricted, and may be a linear chain, branched, or
two-dimensionally or three-dimensionally cross-linked.
From the viewpoint of its performance, the water-soluble
polymer is preferably a polymer only having a structure of
a linear chain or a branched chain. The polymer preferably
has a characteristic that, when the polymer is blended by an
aqueous solution of an adhesive agent composition, the
principal chain of the polymer does not become in the shape
of a rubber ball and become stretched. When the principal
chain becomes stretched in such a manner, the heat defor-
mation resistance of an adhesive agent composition can be
improved by the interaction between a carboxyl group and
an adhesive agent matrix. Even if the water-soluble polymer
does not become stretched in cases where the water-soluble
polymer partially dissolved in water, for example, in a case
of colloidal dispersion, when the polymer is partially com-
patible with an adhesive agent composition matrix, an effect
can be obtained. The water-soluble polymer is preferably
composed of a unit derived from a monomer having sub-
stantially one carbon-carbon double-bond. This is because,
when the principal chain skeleton is sulfur-reactive, heat
deterioration of adhesion accompanied by sulfur crosslink-
ing becomes large, as well as, the molecular chain becomes
stretched when dissolved in water and the compatibility
improves. The water-soluble polymer is preferably a high
molecular weight polymer having a relatively high molecu-
lar weight region, and preferably, the weight-average
molecular weight is 3,000 or higher, particularly preferably
10,000 or higher, and still more preferably 80,000 or higher.

The compound (C) is contained in the adhesive agent
composition mainly for the purpose of obtaining an effect of
promoting adhesion to a resin material which is one adher-
end of the adhesive agent composition. The reason why such
a compound is contained in the adhesive agent composition
is as follows. A synthetic resin material such as a polyester
resin which is to be used as a base material is composed of
a flat linear polymer chain, and the polymer chain has a &
electron cloud derived from an aromatic or the like con-
tained in the polymer chain. Therefore, when a molecular
structure having on the side of the molecule an aromatic &
electron in the component of the adhesive agent composi-
tion, an effect of adhesion of the adhesive agent composition
to the resin surface or an effect of diffusion between polymer
chains of the resin is likely to be obtained due to the =
electron interaction between the molecular structure portion
and the & electron cloud portion of the polymer chain of the
resin.

The polar functional group of the compound (C) is
preferably a group which reacts with an epoxy group, a
(blocked)isocyanate group or the like which is a carboxyl
group, or a cross-linking component contained in the adhe-
sive agent composition. Specific examples thereof include
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cross-linking functional group, hydroxyl group, amino
group, carboxyl group such as an epoxy group, a (blocked)
isocyanate group.

The molecular structure of the compound (C) is prefer-
ably not branched, and in a linear chain shape. The molecu-
lar structure is preferably the structure of methylenediphe-
nyl, or, the structure of polymethylene polyphenyl having a
relatively linear molecular structure. The molecular weight
of the molecular structure portion where aromatics are
bonded by methylene is not particularly restricted, and
preferably 6,000 or smaller, and more preferably 2,000 or
smaller. This is because, when the molecular weight is above
6,000, the molecular weight is too high, and even when an
anchor effect is substantially constant, the diffusivity to a
base material becomes small. As a compound having a
structure in which aromatics are bonded by methylene
having a polar functional group, a molecule having a rela-
tively low to intermediate molecular weight region and a
molecular weight of 9,000 or lower is also preferred. Fur-
ther, a compound having a structure in which aromatics are
bonded by methylene having a polar functional group is
preferably aqueous (water-soluble or water-dispersible).

Such (C) compound is reaction product formed by block-
ing diphenylmethanediisocyanate by a thermally dissociat-
ing blocking agent, a condensate of resorcin and formalde-
hyde obtained by novolac forming reaction, chlorophenol-
resorcin-formaldehyde condensate, or, a cresol novolac resin
having an epoxy group.

Examples of a reaction product of diphenylmethanedii-
socyanate and a thermally dissociating blocking agent for
isocyanate groups include a reaction product in which an
isocyanate group is blocked by a known blocking agent.
Specifically, commercially available blocked polyisocyanate
compound such as ELASTRON BN69, DELION PAS-037
can be used.

As a condensate of chlorophenol, resorcin, and formal-
dehyde, Specifically, as a resorcin-formaldehyde condensate
obtained by novolac forming reaction, a resorcin-formalde-
hyde condensate obtained by a novolac forming reaction
described in Examples of W097/13818; as a condensate of
chlorophenol, resorcin, and formaldehyde, DENABOND,
DENABOND-AL, and DENABOND-AF manufactured by
Nagase ChemteX Corporation can be used.

As an epoxycresol novolac resin, a commercially avail-
able product such as Araldite ECN1400 manufactured by
Asahi Kasei Epoxy Co., Ltd., DENACOL EM-150 manu-
factured by Nagase ChemteX Corporation can be used.
Since the epoxy novolac resin is also an epoxide compound,
it acts also as an intermolecular cross-linking component for
an adhesive agent molecule which inhibits the fluidization of
an adhesive agent composition at a high temperature. A
compound obtained by modifying a condensate of phenols
and formaldehyde by sulfomethylation is a compound
obtained by heat reaction of a sulfomethylation agent before,
during, or after the condensation reaction of phenols and
formaldehyde. Examples of the sulfomethylation agent
include salts of a sulfurous acid or a disulfurous acid and a
basic material. Specifically, a sulfomethylation modified
product of a condensate of phenols and formaldehyde
described in Examples of Japanese Unexamined Patent
Application Publication No. 2000-34455 (Japanese Patent
Application No. 10-203356) can be used.

As the compound (C), an aqueous urethane compound
obtained by reacting organic polyisocyanates having a struc-
ture in which aromatics are bonded by methylene (molecular
structure) (hereinafter, also referred to as “aromatic meth-
ylene bond structure™), a compound having a plurality of
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active hydrogen atoms, and a thermally dissociating block-
ing agent for isocyanate groups may be used. The aqueous
urethane compound is contained mainly for the purpose of
promoting the adhesion of the adhesive agent composition to
a synthetic resin, and is used as not only as an adhesive
property improver but as a flexible cross-linking agent, by
which an effect of inhibiting the fluidization of the adhesive
agent composition molecular chain at a high temperature is
expected. The aqueous urethane compound is a urethane
reaction product obtained by reacting an organic polyiso-
cyanate compound having a structure in which aromatics are
bonded by methylene, and preferably, the aqueous urethane
compound has two or more structures in which aromatics are
bonded by methylene.

The reason why it is preferred that the aqueous urethane
compound contains a benzene ring or a structure in which
aromatics are bonded by methylene is described below. A
synthetic resin material such as polyethylene terephthalate to
be used as a base material is composed of a flat linear
polymer chain, and, between the polymer chains or on the
surface thereof, there exists a 7 electron cloud derived from
aromatics or the like contained in the polymer chain.
Accordingly, when the aqueous urethane compound con-
tains a molecular structure having on the side an aromatic 7
electron, an effect of the adhesion to the surface of a resin of
a base material or an effect of dispersion between polymer
chains are likely to be obtained due to & electron interaction
at the molecular structure portion.

The aromatic methylene bond structure is preferably the
structure of methylenediphenyl, or the structure of polym-
ethylene polyphenyl if the structure is a relatively linear
molecular structure. The molecular weight of the aromatic
methylene bond structure portion is not particularly
restricted, and preferably, the molecular weight is 6,000 or
smaller, and more preferably 2,000 or smaller. This is
because, when the molecular weight is above 6,000, which
is a high molecular weight, the diffusivity to a base material
becomes small even though the anchor effect is substantially
constant.

In order for an isocyanate compound having in the
molecule one aromatic methylene bond structure such as a
blocked methylenediphenyldiisocyanate to be expected to
have an anchor effect between a base material and an
adhesive agent layer, cross-linking between an aqueous
urethane compound which is applied to the base material
and another adhesive agent composition component is
required. However, an aqueous urethane compound having
aromatic methylene bond structure portions at a plurality of
sites in the molecule to allow itself to be bonded is preferred
since it is cross-linked at a site other than an aromatic
methylene bond structure portion or mechanically anchors
itself to an adhesive agent composition, and an adhesion
promoting effect is obtained with a relatively small loss.
Naturally, an adhesion promoter of an aqueous urethane
compound having one aromatic methylene bond structure in
the molecules may be added to an adhesive agent compo-
sition of the present invention.

The aqueous urethane compound which is an adhesive
property improver preferably has two or more thermally
dissociating blocked isocyanate groups in the molecule. This
is because the thermally dissociating blocked isocyanate
groups react with the vicinity of the surface of a resin
material such as polyethylene terephthalate to be used as a
base material, other adhesive agent composition compo-
nents, or active hydrogen atoms on an adherend rubber,
thereby promoting the adhesive property by cross-linking.
The aqueous urethane compound preferably has a group



US 9,463,669 B2

21

which can generate a salt or a hydrophilic group such as a
hydrophilic polyether chain. This is because water which is
advantageous from a hygiene viewpoint can be used as a
solvent.

Examples of the blocking agent compound for a thermally
dissociating blocked isocyanate group include a known
blocking agent which blocks the above-mentioned isocya-
nate group.

Examples of a method of introducing a group which can
generate a salt or a hydrophilic group such as a hydrophilic
polyether chain include: as a method of introducing an
anionic hydrophilic group, a method in which, after reacting
polyisocyanate and polyol, a part of the terminal isocyanate
group is allowed to react with salts of an organic acid having
an active hydrogen atom such as sodium salts of an amino-
sulfonic acid such as taurine, N-methyl taurine, N-butyl
taurine, and sulfanilic acid; and a method in which a tertiary
nitrogen atom is introduced in advance, for example, by
adding N-methyl-diethanolamine or the like in a step of
reacting polyisocyanate and polyol, and then, the tertiary
nitrogen atom is made into quaternary by dimethyl sulfate or
the like. Examples of a method of introducing a hydrophilic
group such as a hydrophilic polyether chain include a
method in which, after reacting polyisocyanate and polyol,
a part of the terminal isocyanate group is allowed to react
with a compound having at least one active hydrogen atom
and hydrophilic polyether chain such as monofunctional
polyethylene glycolmonoalkyl ethers having a molecular
weight of 350 to 3,000 (for example, Brox 350, 550, 750
(manufactured by BP Chemicals Itd.)). The hydrophilic
polyether chain of such compounds contains an alkylene
oxide unit such as ethylene oxide and/or propylene oxide by
at least 80%, and preferably 100%.

The organic polyisocyanates to be used for an aqueous
urethane compound contains an aromatic methylene bond
structure, and examples thereof include methylenediphenyl-
polyisocyanate and polymethylene polyphenyl polyisocya-
nate. The organic polyisocyanate is preferably a polymeth-
ylene polyphenyl polyisocyanate having a molecular weight
of 6,000 or lower, and more preferably, a polymethylene
polyphenyl polyisocyanate having a molecular weight of
40,000 or lower. (Japanese Unexamined Patent Application
Publication No. 2001-98245, [0093])

The aqueous urethane compound preferably contains a
structure in which aromatics are bonded by methylene such
as an aromatic-containing organic polyisocyanate such as
diphenylmethanediisocyanate or polyphenylenepolymethyl-
enepolyisocyanate and a blocking agent. The aqueous ure-
thane compound is preferably a molecule having a relatively
low to intermediate molecular weight region, and preferably
the molecular weight is 9,000 or lower, and more preferably
5,000 or lower. As a compound containing a blocking agent
of aromatic polyisocyanate, a blocked isocyanate compound
containing a known isocyanate blocking agent is preferred.

The aqueous urethane compound is preferably an aqueous
resin having in one molecule two or more thermally disso-
ciating blocked isocyanate groups and a hydrophilic group
obtained by treating a urethane prepolymer having a free
isocyanate group, the resin being obtained by reacting an
organic polyisocyanate compound whose number of func-
tional groups is 3 to 5 and a compound having a molecular
weight of 5,000 or lower and having two to four active
hydrogen atoms with a thermally dissociating blocking
agent which blocks an isocyanate group, and, a compound
having at least one active hydrogen and at least one anionic,
cationic or nonionic hydrophilic group.
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More preferably, the aqueous urethane compound is pref-
erably a water-dispersible or water-soluble aqueous resin
based on a reaction product of: 40 to 85% by mass of an
organic polyisocyanate compound (o) having a molecular
weight of 2,000 or lower and the number of functional
groups of 3 to 5; 510 35% by mass of a compound () having
a molecular weight of 5,000 or lower and having two to four
active hydrogen atoms; 5 to 35% by mass of a thermally
dissociating isocyanate group blocking agent (y); 5 to 35%
by mass of a compound (8) having at least one active
hydrogen atom and at least one anionic, cationic or nonionic
hydrophilic group; and 0 to 50% by mass of compound (€)
containing other active hydrogen atoms other than the
above, wherein the total of weight percents of (o) to (€) is
100 based on the weights of () to (€), and the amounts of
these components are selected such that a thermally disso-
ciating blocked isocyanate group (NCO, calculated setting
molecular weight=42) is 0.5 to 11% by mass.

Further preferably, the aqueous urethane compound is a
heat reactive water-soluble polyurethane compound repre-
sented by the formula below:

(NHCOZ),,

—f(YCONH),— A —NHCO+—X

(wherein A represents an isocyanate residue of an organic
polyisocyanate compound having the number of functional
groups of 3 to 5; Y represents an active hydrogen residue of
a blocking agent compound which detaches an isocyanate
group by heat treatment; 7 represents an active hydrogen
residue of a compound having in the molecule at least one
active hydrogen atom and at least one group which can
generate a salt or a hydrophilic polyether chain; X represents
an active hydrogen residue of a polyol compound having
two to four hydroxyl groups and having an average molecu-
lar weight of 5,000 or smaller; n is an integer of 2 to 4; and
p+m represents an integer of 2 to 4 (m=0.25).).

Examples of a compound having the above-mentioned
average molecular weight of 5,000 or lower and having two
to four active hydrogen atoms include a compound selected
from the group consisting of the below-mentioned (i) to
(vii):

(1) polyhydric alcohols having two to four hydroxyl groups,
(i1) polyvalent amines having two to four primary and/or
secondary amino group,

(iii) amino alcohols having two to four primary and/or
secondary amino group and a hydroxyl group,

(iv) polyester polyols having two to four hydroxyl groups,
(v) polybutadiene polyols having two to four hydroxyl
groups and copolymer of these and other vinyl monomer,
(vi) polychloroprene polyols having two to four hydroxyl
groups and copolymer of these and other vinyl monomer,
(vii) polyether polyols having two to four hydroxyl groups
which are C2 to C4 alkylene oxide polyaddition products of
a polyvalent amine, a polyvalent phenol and amino alcohols,
C2 to C4 alkylene oxide polyaddition products of C3 or
higher polyhydric alcohols, a C2 to C4 alkylene oxide
copolymer, or a C3 to C4 alkylene oxide polymer.

In the present invention, an active hydrogen residue of a
polyol compound having two to four hydroxyl groups hav-
ing an average molecular weight of 5,000 or lower can be
used, and not particularly restricted as long as the compound
is selected from the group consisting of the above-men-
tioned (i) to (vii).
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Examples of the above-mentioned polyol compound hav-
ing two to four hydroxyl groups and an average molecular
weight of 5,000 or lower include polyols or the like as
mentioned in the thermoplastic high molecular weight poly-
mer having an average molecular weight of 5,000 or lower.
When the polyol is a polyol compound containing a struc-
ture in which aromatics are bonded by methylene such as an
ethylene oxide adduct of bisphenol A among the above-
mentioned polyols, a structure in which aromatics are
bonded by methylene can be introduced not only into a
residue of an organic isocyanate of an aqueous urethane
compound but also into an active hydrogen residue of
polyols (Japanese Unexamined Patent Application Publica-
tion No. 2001-98245, [0095]).

Further, examples of a blocking agent compound which
detaches an isocyanate group by the above-mentioned heat
treatment include a known isocyanate blocking agent.

Specific examples of a synthesis method of an aqueous
urethane compound include a known method such as a
method described in Japanese Examined Patent Application
Publication No. S63-51474. Other than a heat reactive
aqueous urethane resin synthesized according to these meth-
ods, a product such as ELASTRON BN27 manufactured by
Dai-ichi Kogyo Seiyaku Co., Ltd. may also be used.

The (D) aliphatic epoxide compound is contained as a
cross-linking agent of an adhesive agent composition. An
aliphatic epoxide compound is a compound which contains
in one molecule preferably two or more, and more prefer-
ably four or more epoxy groups. This is because the more the
epoxy group has functionalities, the higher the effect of
inhibiting creep or flow of an adhesive agent composition at
a high temperature region, and the adhesive strength at a
high temperature becomes large.

As the above-mentioned compound containing two or
more epoxy groups, reaction products of polyhydric alco-
hols and epichlorohydrin are preferred. Examples of the
aliphatic epoxide compound include glycidyl esters of a
fatty acid, glycidyl ethers of an aliphatic polyhydric alcohol,
and cyclic aliphatic epoxide compounds. For the epoxide
compound, in particular, a glycidyl ester of a long-chain
fatty acid, a glycidyl ether of a polyhydric alcohol, or the
like which is the above-mentioned flexible epoxy resin is
preferably used.

Specific examples of the aliphatic epoxide compound
include a reaction product of polyhydric alcohols such as
diethylene glycol diglycidylether, polyethylene diglycidyle-
ther, polypropylene glycol diglycidylether, neopentylglycol
diglycidylether, 1,6-hexanediol diglycidylether, glycerol
polyglycidylether, trimethylolpropane polyglycidylether,
polyglycerol polyglycidylether, pentaerythiol polyglycidy-
lether, diglycerol polyglycidylether, and sorbitol polygly-
cidylether, and epichlorohydrin.

Among the reaction products of polyhydric alcohols and
epichlorohydrin, polyglycerol polyglycidylether and sorbi-
tol polyglycidylether are particularly preferred. This is
because, since, in these compounds, the epoxy group is
polytfunctional and decrease in adhesive strength at a high
temperature by flow or creep due to a stress at an adhesive
agent layer at a high temperature is small, and the com-
pounds have a long chain flexible main skeleton structure
and have a flexibility, curing and shrinkage of adhesive
agent layer due to cross-linking rarely occur and decrease in
the adhesive strength due to the internal strain stress
becomes small. For the sorbitol polyglycidylether, polyglyc-
erol polyglycidylether, or novolac type epoxy resin, com-
mercially available chemical agents can be used.
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Such aliphatic epoxide compounds may be used by dis-
solving them in water, or, dispersing them in water by
emulsification. In order to obtain an emulsified liquid, for
example, such a polyepoxide compound is dissolved in
water as it is, or, a mixture obtained by dissolving the
compound in a small amount of solvent as needed can be
emulsified in water by using a known emulsifier such as an
alkylbenzenesulfonic acid soda, a dioctyl sulphosuccinate
sodium salt, or a nonylphenolethylene oxide adduct.

The epoxy-based adhesive agent composition of the pres-
ent invention preferably further comprises at least one
selected from the group consisting of (E) a metal salt, (F) a
metal oxide, and (G) rubber latex. When the metal salt or the
metal oxide among the above is contained in an adhesive
agent composition as a filler, the cost thereof becomes
favorable because the filler is inexpensive, and at the same
time, these fillers can be used for the purpose of providing
the adhesive agent composition with ductility or strong
tenacity.

For the (E) metal salt and the (F) metal oxide, a polyvalent
metal salt or a polyvalent metal oxide is preferred. The term
“metal” herein includes metalloids such as boron and sili-
con. A polyvalent metal salt or a polyvalent metal oxide has,
compared with a monovalent alkali such as sodium hydrox-
ide, a small effect of deteriorating a resin material to be used
as a base material such as polyester by alkaline hydrolysis,
which is preferred. At the same time, an effect of cross-
linking between polymers containing carboxyl groups in the
adhesive agent composition by an ion bond interaction can
be expected. Examples of the polyvalent metal salt include
a divalent or higher valent sulfate, a nitric acid salt, acetate,
a carbonic acid salt, chloride, hydroxide, silicate or the like
of calcium, magnesium, zinc, barium, aluminium, iron,
nickel or the like. Examples of the polyvalent metal oxide
include oxides of magnesium, calcium, barium, zinc, alu-
minium, titanium, boron, silicon, bismuth, manganese, iron,
nickel, or, bentonite, silica, zeolite, clay, talc, satin white,
and smectite whose constituents are these oxides. Such
fillers of metal salts or metal oxides are preferably added to
the adhesive agent composition as a fine particle, and the
average particle size thereof is preferably 20 um or smaller,
and particularly preferably 1 um or smaller. Metal salts and
metal oxides can be used by dispersing in water using a
known surfactant or water-soluble polymer. In the present
invention, a relatively stable water dispersion is obtained by
using a water-soluble polymer as its protective colloid, but
a method of obtaining a water dispersion is not particularly
restricted thereto.

For the (G) rubber latex, a known rubber latex can be
used. Examples thereof include vinylpyridine-conjugated
diene copolymer latex and the modified latex thereof, sty-
rene-butadiene copolymer latex and the modified latexes
thereof, acrylonitrile-butadiene copolymer latex and modi-
fied latex thereof, and natural rubber latex. One or more of
these can be contained. For the modified latexes, carboxyl
modification or epoxy modification can be used.

The formulation ratio of the epoxy-based adhesive agent
composition of the present invention is preferably selected
as follows: the content of the (A) component is 10 to 75%
by mass based on the dry weight of the adhesive agent
composition, in particular 15 to 65% by mass, and further 20
to 55% by mass, the content of the (B) component is 5 to
75% by mass based on the dry weight of the adhesive agent
composition, in particular 15 to 60% by mass, and further 18
to 45% by mass, the content of the (C) component is 15 to
77% by mass based on the dry weight of the adhesive agent
composition, in particular 15 to 55% by mass, and further 18
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to 55% by mass, and the content of the (D) component is 9
to 70% by mass based on the dry weight of the adhesive
agent composition, in particular 10 to 45% by mass, and
further 15 to 30% by mass.

The content of the (E) component which is an optional
component is preferably 50% by mass or smaller based on
the dry weight of the adhesive agent composition, and more
preferably 3 to 40% by mass. The content of the (F)
component is preferably 50% by mass or lower based on the
dry weight of the adhesive agent composition, and more
preferably 3 to 40% by mass. Further, the content of the (G)
component is 18% by mass or lower based on the dry weight
of the adhesive agent composition and more preferably 10%
by mass or lower.

The epoxy-based adhesive agent composition of the pres-
ent invention may further contains, in addition to the above-
mentioned components (A) to (G), a solvent such as water
or an organic solvent, a water-soluble resin or a water-
dispersible resin such as a water-soluble and/or water-
dispersible polyester resin, a water-soluble and/or water-
dispersible nylon resin, an aqueous urethane resin having no
cross-linking groups, or water-soluble cellulose copolymer.
Such a water-soluble resin or a water-dispersible resin is
usually contained by preferably by 30% by mass or smaller
based on the dry weight of the adhesive agent composition,
but the content is not limited thereto.

The above-mentioned epoxy-based adhesive agent com-
position has an effect in a method in which, for example, in
the case of adhesion between an adherend of a synthesized
resin material such as a synthesized fiber and an adherend of
a rubber composition containing sulfur, a vulcanizing agent
contained in any of the adherends migrates to the adhesive
agent composition, whereby the adhesive agent composition
is cross-linked by a vulcanizing agent.

Examples of the above-mentioned vulcanizing agent
include sulfur; a thiuram polysulfide compound such as
tetramethylthiuramdisulfide or dipentamethylene thiuram
tetrasulfide; and an organic vulcanizing agent such as 4,4-
dithiomorpholin, p-quinonedioxime, p,p'-dibenzoquinonedi-
oxime or cyclic sulfur imide.

An adhesive agent treatment in which the above-men-
tioned epoxy-based adhesive agent composition is used can
be performed in accordance with a conventional method, but
not particularly restricted thereto. Examples of a method of
coating an adhesive agent composition on a cord include a
method of dipping a cord in an adhesive agent composition,
a method of applying an adhesive agent composition using
a brush, and a method of spraying an adhesive agent
composition, and an appropriate method can be selected as
needed. The method of coating an adhesive agent compo-
sition on the cord surface is not particularly restricted. When
the adhesive agent composition is coated on the cord sur-
face, the viscosity of the adhesive agent composition is
preferably reduced by resolving in a variety of solvents since
the application thereof becomes easy. Such a solvent is
preferably mainly composed of water from the environmen-
tal point of view.

The cord which has been coated with an epoxy-based
adhesive agent composition may be dried at a temperature
of, for example, 100° C. to 210° C. The subsequent heat
treatment is preferably performed at a temperature not lower
than the glass-transition temperature of a polymer made of
a resin material constituting the cord, and preferably at a
temperature in the range of from [the melting temperature
-70° C.] of the polymer to [the melting temperature —10° C.]
of the polymer. This is because the bonding strength
between the adhesive agent composition and the resin mate-
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rial can not be obtained since, when the temperature is lower
than the glass-transition temperature of the polymer, the
molecular mobility of the polymer is poor, and a sufficient
interaction between a component in the adhesive agent
composition which accelerates adhesion and the polymer
can not be obtained. Such a resin material may be subjected
in advance to a preprocessing treatment by an electron beam,
a microwave, a corona discharge, a plasma treatment or the
like. The dry weight of the adhesive agent composition with
which the cord is coated is preferably 0.5 to 6.0% by mass
with respect to the weight of the cord.

In the present invention, preferably an adhesive agent
treatment is further performed on a cord treated with the
above-mentioned epoxy-based adhesive agent composition
by an RFL-based adhesive agent composition. After twisting
the cord, an adhesive agent treatment is performed on the
twisted cord by using the above-mentioned epoxy-based
adhesive agent composition, then a treatment is further
performed on the cord by using an RFL adhesive agent,
whereby an more excellent dynamic adhesive property can
be obtained. Usually, when the number of adhesive agent
treatment steps is increased, the physical properties of the
cord changes due to the effect of a warming step therebe-
tween, which has not been considered to be preferred.
According to the present invention, however, by combining
an adhesive agent treatment by an epoxy-based adhesive
agent composition and an adhesive agent treatment by an
RFL adhesive agent on a cord using the above-mentioned
specific polyester filament, a polyester cord having an excel-
lent dynamic adhesive property to rubber can be obtained.

The above-mentioned adhesive agent treatment by an
RFL adhesive agent can be performed in accordance with a
conventional method, and not particularly restricted. For the
RFL-based adhesive agent treatment liquid, for example, a
resorcin-formalin initial condensate/rubber latex (for
example, 30 to 60% emulsion of styrenebutadiene latex,
vinylpyridine styrene butadiene terpolymer latex or the
like)=1:2 to 1:20 (weight ratio) can be used. In addition to
these component, as needed, a resorcin-formalin condensate
obtained by a novolac forming reaction, a blocked isocya-
nate water dispersion containing a methylenediphenyl
dipolyisocyanate, and an adhesive property improver having
a structure in which aromatics are bonded by methylene can
be added. When a cord is treated with an RFL-based
adhesive agent treatment liquid, the dry weight of the
RFL-based adhesive agent composition which coats the cord
is set to 0.5 to 6.0% by mass, and preferably 2 to 6% by mass
with respect to the weight of the cord. The treated cord can
be dried at a temperature of, for example, 100 to 150° C.,
and then subjected to a heat treatment at a temperature of
200 to 250° C.

By a method in which a polyester cord obtained by
performing an adhesive agent treatment by the above-
mentioned epoxy-based adhesive agent composition, and
preferably, RFL. adhesive agent on the above-mentioned
cord as mentioned above is embedded in an unvulcanized
rubber to be vulcanized, or the like, a rubber-cord complex
in which the cord and the rubber are rigidly bonded to each
other can be obtained.

By using the above-mentioned epoxy-based adhesive
agent composition as an adhesive agent composition, the
adhesive property between the polyester cord and the rubber
can be improved. In particular, the adhesive property
between rubber/polyester cord at the time of high heat
generation when a high-intensity dynamic strain is repeat-
edly applied can be dramatically improved. Accordingly, by
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applying the polyester cord to the reinforcing member, a tire
having a more improved durability can be attained.
<RFL-Based Adhesive Agent Composition>

Examples of the adhesive agent composition used in the
adhesive agent treatment of polyester cord used in the
present invention also suitably include the below-mentioned
specific RFL-based adhesive agent composition.

The RFL-based adhesive agent composition used in the
present invention is an RFL adhesive agent liquid containing
resorcin, formaldehyde, rubber latex, and further containing
an emulsion-polymerized blocked isocyanate compound,
and ammonia, wherein the content of the emulsion-polym-
erized blocked isocyanate compound is 15 to 45% by mass.

In the formulation using an RFL adhesive agent liquid and
an emulsion-polymerized blocked isocyanate compound, by
using only ammonia as a catalyst for the condensation
reaction between resorcin and formaldehyde without using a
metal catalyst such as sodium hydroxide, and further, by
setting the content of the emulsion-polymerized blocked
isocyanate compound in the above-mentioned range, an
RFL-based adhesive agent composition by which a tire
reinforcing polyester cord having adhesion fatigue property
and heat resistant adhesive property in rubber is obtained by
one-bath treatment can be attained.

In the present invention, ammonia is used as a reaction
catalyst because a metal compound catalyst such as sodium
hydroxide promotes curing of an RFL adhesive agent resin,
and is not suitable for ensuring the flexibility of a metal
compound catalyst. Ammonia is used as a reaction catalyst
also because a metal compound catalyst promotes deterio-
ration of rubber or a cord since the metal compound catalyst
is strongly basic. In contrast, since ammonia is weakly basic,
a curing reaction proceeds at an appropriate rate. By this, the
flexibility of the adhesive agent can be retained. Since
ammonia can be removed from the system of an ammonia
resol resin by vaporization, physical softening and rubber
deterioration by a base can be inhibited.

The content of emulsion-polymerized blocked isocyanate
compound is set to 15 to 45% by mass because when the
content of the emulsion-polymerized blocked isocyanate is
higher than 45% by mass, the adhesive agent composition
becomes hard although the adhesive strength is sufficiently
obtained, and the workability during manufacturing a tire
becomes hard to be ensured, as well as the amount is not
preferred from the viewpoint of the cost. On the other hand,
the content of the emulsion-polymerized blocked isocyanate
compound is less than 15% by mass, the affinity to an
inactive cord such as polyester becomes insufficient, which
makes it difficult to ensure the adhesive strength. The
above-mentioned content is preferably 20 to 40% by mass.
When the blocked isocyanate compound is emulsion polym-
erized, an effect that a blocked isocyanate compound is not
precipitated during the adhesive agent treatment, and that
workability can be ensured can be obtained.

In the present invention, ammonia is preferably added to
the RFL-based adhesive agent composition at a rate of 0.5
to 5.0 mol to 1.0 mol of resorcin. When the amount of
ammonia added to 1.0 mol of resorcin is smaller than 0.5
mol, the effect of resorcin resin catalyst is not sufficient, and
it takes time for an aging reaction, and thus the adhesive
property may not be ensured since the aging reaction does
not proceed sufficiently. Since the amount of the ammonia
resol is small, the adhesive agent resin may be cured. On the
other hand, when the amount of ammonia added is larger
than 5.0 mol, the reaction system is promoted, which may
deteriorate the flexibility of adhesive agent resin.
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In the present invention, the rubber latex is preferably a
copolymer rubber latex of vinylpyridine, styrene and buta-
diene, and more preferably, is copolymer rubber latex hav-
ing a double structure composed of two-stage polymeriza-
tion of vinylpyridine, styrene and butadiene.

The copolymer rubber latex having a double structure
composed of two-stage polymerization of vinylpyridine,
styrene and butadiene is a copolymer rubber latex of
vinylpyridine, styrene, and butadiene, which can be obtained
by (i) polymerizing a monomer mixture constituted by
styrene content of 10 to 60% by mass, butadiene content of
less than 60% by mass and vinylpyridine content of 0.5 to
15% by mass, and then (ii) polymerizing a monomer mixture
constituted by a styrene content of 10 to 40% by mass,
butadiene content of 45 to 75% by mass and vinylpyridine
content of 5 to 20% by mass, in a smaller styrene content
than in (i).

In the present invention, further preferably, for the rubber
latex, a core-shell type copolymer rubber latex of vinylpyri-
dine, styrene, and butadiene having a styrene-rich core is
used. By using a core-shell type rubber latex having a
styrene-rich core, The adhesion deterioration speed of an
RFL formulation containing isocyanate which has a high
cross-linking property and whose reaction easily proceeds
can be restricted, and heat resistant adhesive property in
rubber can be favorably ensured.

In the present invention, the blocking agent dissociating
temperature of a blocked isocyanate compound is preferably
150° C. to 210° C. When an adhesive agent treatment of an
organic fiber cord is performed, a step of drying treatment is
performed at 150° C. or higher in many cases. Accordingly,
by setting the blocking agent dissociating temperature of a
blocked isocyanate compound in the adhesive agent liquid
of'the present invention to 150° C. or higher, and thus setting
both the temperatures to 150° C. or higher, it is inhibited that
an adhesive agent composition remains behind at the center
of the cord. As the result, the adhesive agent composition
can be coated uniformly on the outside of the tire cord,
whereby the heat resistant adhesive property in rubber can
be further improved. When the blocking agent dissociating
temperature of the blocked isocyanate compound is higher
than 210° C., since the adhesive agent liquid surface dries
first, then the adhesive agent composition inside dries later,
many resin scales which are called “egg blister” may be
generated. Accordingly, the dissociating temperature of a
blocking agent of a blocked isocyanate compound is pref-
erably 210° C. or lower.

In the present invention, the RFL adhesive agent liquid is
not particularly restricted, and a known RFL adhesive agent
liquid can be used. For example, an RFL adhesive agent
liquid satistying the expression below (1) and (2):

1/2.3<R/Fsl/1.1 o)

1/10<RF/L<1/4 )

letting the molar ratio of the total amount of resorcin/
formaldehyde be R/F, and letting the ratio of the total mass
of resorcin and formaldehyde to the total mass of the solid
of the rubber latex be RF/L, can be preferably used.

The adhesive agent treatment using the above-mentioned
RFL-based adhesive agent composition can be performed in
accordance with a conventional method, and not particularly
restricted. Specifically, an adhesive agent treatment can be
performed by at least employing an impregnation step in
which a cord is impregnated with the above-mentioned
RFL-based adhesive agent composition and a drying step in
which the obtained cord is dried. For example, a cord fed by
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an unwinding apparatus is dipped in the above-mentioned
RFL-based adhesive agent composition, and the cord is
impregnated with the adhesive agent composition, and then,
the cord is transferred to a drying zone to dry the cord; next,
the dried cord is passed to a heat set zone and a normalizing
zone, subjected to a heat treatment, and the cord is wound
after cooling, thereby obtaining a cord on which adhesive
agent treatment is performed.

A method of coating an RFL-based adhesive agent com-
position on a cord is not particularly restricted, and examples
thereof include a method in which a cord is dipped in an
adhesive agent composition, and also include brush painting,
casting, spraying, roll coating, and knife coating. In particu-
lar, when a method in which a cord is dipped in an
RFL-based adhesive agent composition, it is preferable that
the above-mentioned RFL-based adhesive agent composi-
tion is diluted and a cord is impregnated therewith, then the
obtained organic fiber cord is dried. By this, a cord having
adhesion fatigue property and heat resistant adhesive prop-
erty in rubber can be obtained by one-bath treatment

A cord coated with an RFL-based adhesive agent com-
position can be dried at a temperature of, for example, 150
to 210° C. As mentioned above, the blocking agent disso-
ciating temperature of a blocked isocyanate compound in an
RFL-based adhesive agent composition used in the present
invention is suitably 150 to 210° C. Accordingly, by setting
the drying temperature to 150 to 210° C., it is inhibited that
an RFL-based adhesive agent composition remains behind at
the center of the cord, the outside of the cord can be coated
with the RFL-based adhesive agent composition uniformly.
By this, the heat resistant adhesive property in rubber can be
favorably improved.

During the adhesive agent treatment, the cord tension T at
the time of impregnation can be set to 0.3 g/d or lower,
preferably 0.2 g/d or lower, and more preferably 0.1 g/d or
lower. Further, in a heat treatment composed of heat-setting
and normalizing, the treatment temperature can be set to 210
to 250° C., the treatment time to 30 to 120 seconds, and the
cord tension to 0.05 to 1.20 g/d for each.

As mentioned above, by a method in which a polyester
cord obtained by performing an adhesive agent treatment
using the above-mentioned RFL-based adhesive agent com-
position on the above-mentioned cord is embedded in an
unvulcanized rubber to be vulcanized, or the like, a rubber-
cord complex in which the cord and the rubber are rigidly
bonded to each other can be obtained.

By using the above-mentioned RFL.-based adhesive agent
composition as an adhesive agent composition, the adhesive
property between the polyester cord and the rubber can be
improved. In particular, the adhesive property between rub-
ber/polyester cord at the time of high heat generation when
a high-intensity dynamic strain is repeatedly applied can be
dramatically improved. Accordingly, by applying the poly-
ester cord to the reinforcing member, a tire having a more
improved durability can be attained.

In the tire of the present invention, such a rubber-cord
complex can be preferably used for a carcass ply cord, a
reinforcing member of a belt reinforcing layer, an insert of
a bead portion, or the like because the heat resistant adhesive
property with rubber is excellent.

Although one carcass ply 2 is used in the illustrated
example, the number of the carcass ply 2 is not limited
thereto, and two or more carcass plies 2 may be used. The
structure thereof is also not restricted. The locking structure
of the carcass ply 2 at a bead portion is also not limited to
the structure in which, as illustrated in the figure, the carcass
is rolled up around the bead core 1 and locked, and may be
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a structure in which the end portion of the carcass ply is
sandwiched by two bead cores (not illustrated). When a
reinforcing member composed of the above-mentioned rub-
ber-cord complex is applied to a carcass ply 2, the end count
can be set to, for example, 35 to 65/50 mm. In a tire in which
a conventional PET is applied to a carcass ply, during a
high-speed drum durability test when a camber angle is
provided, a shoulder portion breaks in rare cases to expose
a carcass ply, leading to breaking. By applying a reinforcing
member composed of a polyester filament of the present
invention, the breaking pattern after the above-mentioned
durability test is improved, and changed into a tread portion
failure, thereby improving the high-speed durability.

Belts 3a, 3b are each composed of a rubberized layer of
cords, preferably, a rubberized steel cord layer, the cord
extending inclined at an angle of, for example, £15 to 40°
with respect to the tire circumferential direction. Although,
in the illustrated example, two belts 3a, 36 are laminated
such that cords which constitute each belt crosses with each
other sandwiching the tire equatorial plane to constitute a
cross layer, in the present embodiment, those in which at
least one belt is arranged may be used, and not limited to the
illustrated example.

In the illustrated example, the belt reinforcing layer is
composed of one cap layer 4 arranged across the full width
or more of the belt 3 and a pair of layered layers 5 arranged
in a region covering both end portions of the belt 3, but the
structure thereof is not limited thereto, and only a cap layer
4 or a layered layer 5, or, two or more cap layers 4 and/or
two or more layered layer 5 may also be used. Such a belt
reinforcing layer can be formed by, for example, spirally
winding strips at a regular interval formed by orienting a
plurality of organic fiber cords and rubberizing them in the
tire circumferential direction. When a reinforcing member
composed of the above-mentioned rubber-cord complex is
applied to a belt reinforcing layer, the end count can be set
to, for example, 35 to 65/50 mm. Conventionally, when PET
is applied to a belt reinforcing layer, the adhesive property
is poorer than that of nylon, and thus the high-speed dura-
bility performance becomes poor. By applying a reinforcing
member composed of a polyester filament of the present
invention to the belt reinforcing layer, the high-speed dura-
bility performance can achieve the same level as that of
nylon.

As illustrated in the figure, an insert 6 can be arranged at
a bead portion 11 outside of the carcass ply 2, and is
composed of a rubberized layer of a reinforcing cord. When
a reinforcing member composed of the above-mentioned
rubber-cord complex is applied to the insert, the end count
thereof may be set to, for example, 35 to 65/50 mm. When
a conventional PET is applied to the insert, the adhesive
property becomes insufficient, which has led to the occur-
rence of insert failure in a bead portion durability drum test.
By applying an insert to a reinforcing member composed of
a polyester filament of the present invention, a breaking
pattern is improved, and the durability performance level in
a bead portion durability drum test improves.

Further, although not illustrated, in the present embodi-
ment, on the innermost layer of a tire, an inner liner is
usually arranged, and on a tread surface, a tread pattern is
appropriately formed. Still further, in the tire of the present
embodiment, as a gas with which the inside of the tire is
filled, a normal air or an air whose oxygen partial pressure
is changed, or an inert gas such as nitrogen can be used.

Second Embodiment

FIG. 2 is a cross-sectional view in the width direction
illustrating another example of a tire of the present inven-
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tion. The illustrated tire comprises a pair of left-and-right
bead portions 41 in which a bead core 31 is embedded and
a pair of side wall portions 42, and a tread portion 43
continuing to both side wall portions 42, and further com-
prises a carcass ply 32 toroidally extending between a pair
of left-and-right bead cores 31 to reinforce these portions.
On the outside of the crown portion of the carcass ply 32,
two belts 33a, 335 made of a rubberized reinforcing cord
layer in which the cords are arranged inclined with respect
to the tire circumferential direction, and belt reinforcing
layers 34, 35 made of a rubberized organic fiber cord layer
in which the cords are arranged substantially parallel to the
tire circumferential direction are arranged.

In the tire of the present embodiment, the carcass ply 32
is composed of a rubberized layer of a polyester cord formed
by twisting the above-mentioned specific polyester filament
and then subjecting the twisted filament to an adhesive agent
treatment by using the above-mentioned epoxy-based adhe-
sive agent composition or the above-mentioned RFL-based
adhesive agent composition. By this, the adhesive property
between the polyester cord and the rubber can be improved,
and in particular, the adhesive property between rubber/
polyester cord at the time of high heat generation when a
high-intensity dynamic strain is repeatedly applied can be
dramatically improved. Accordingly, by applying the poly-
ester cord to a carcass ply, the occurrence of delamination
fracture during a high-speed durability performance test
when a camber angle is provided can be inhibited, thereby
attaining a tire whose durability is improved. The effect of
inhibiting the occurrence of delamination fracture of the
carcass ply during the above-mentioned high-speed durabil-
ity performance test is not sufficiently obtained when using
the combination of a specific polyester filament of the
present invention and a conventionally general adhesive
agent or when using the combination of a conventionally
general polyester fiber and a specific adhesive agent com-
position of the present invention.

In the present embodiment, the twisting coefficient Nt
defined by the formula of the above-mentioned polyester
cord which is to be applied to a carcass ply 32 below:

Ni=tan 6=0.001xNx(0.125xD/p)*? 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is preferably from 0.40 to 0.60.
When the twisting coefficient Nt is less than 0.40, the cord
fatigability deteriorates, and when the twisting coefficient Nt
is higher than 0.60, the cord strength decreases, thereby
deteriorating the cut performance, each of which is not
preferred.

In the present embodiment, the total fineness of the
above-mentioned polyester cord is preferably 2000 dtex to
5100 dtex. When the total fineness is less than 2000 dtex the
cord strength is insufficient; when the total fineness is higher
than 5100 dtex, an irregularity occurs on the tire side
portion, each of which is not preferred.

Further, in the present embodiment, the melting point of
the above-mentioned polyester cord is preferably, 220° C. or
higher, and more preferably in a range of 240 to 270° C.
When the melting point of the above-mentioned polyester
cord is lower than 220° C., the breaking pattern during a
high-speed durability performance test deteriorates, which is
not preferred.

Although one carcass ply 32 is used in the illustrated
example, the number of the carcass ply 32 is not limited
thereto, and two or more carcass plies 32 may be used. The
structure thereof is also not restricted. In either case, in the
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present embodiment, the above-mentioned polyester cord
needs to be applied to all carcass plies. The locking structure
of the carcass ply 32 at a bead portion is also not limited to
the structure in which, as illustrated in the figure, the carcass
is rolled up around the bead core 31 and locked, and may be
a structure in which the end portion of the carcass ply is
sandwiched by two bead cores (not illustrated). In the
present embodiment, the end count of the above-mentioned
polyester cord in the carcass ply 32 may be set to 35 to 65/50
mm.

Belts 33a, 335 are each composed of a rubberized layer of
cords, preferably, a rubberized steel cord layer, the cord
extending inclined at an angle of, for example, £15 to 40°
with respect to the tire circumferential direction. Although,
in the illustrated example, two belts 334, 335 are laminated
such that cords which constitute each belt crosses with each
other sandwiching the tire equatorial plane to constitute a
cross layer, in the present embodiment, those in which at
least one belt is arranged may be used, and not limited to the
illustrated example.

In the illustrated example, the belt reinforcing layer is
composed of one cap layer 34 arranged across the full width
or more of the belt 33a, 335, and a pair of layered layers 35
arranged in a region covering both end portions of the belt
334, 335, but the structure thereof is not limited thereto, and
only a cap layer 34 or a layered layer 35, or, two or more cap
layers 34 and/or two or more layered layer 35 may also be
used. Such a belt reinforcing layer can be formed by, for
example, spirally winding strips at a regular interval formed
by orienting a plurality of organic fiber cords and rubberiz-
ing them in the tire circumferential direction.

Further, although not illustrated, in the present embodi-
ment, on the innermost layer of a tire, an inner liner is
usually arranged, and on a tread surface, a tread pattern is
appropriately formed. Still further, in the tire of the present
embodiment, as a gas with which the inside of the tire is
filled, a normal air or an air whose oxygen partial pressure
is changed, or an inert gas such as nitrogen can be used.

The present embodiment is useful for, in particular, a tire
having a speed rating code of V or higher which can travel
at high-speed.

Third Embodiment

FIG. 3 is a half cross-sectional view in the width direction
of still another example of a tire of the present invention. As
illustrated, the tire of the present embodiment is a so-called
run-flat tire which comprises a pair of left-and-right bead
portions 51 and a pair of side wall portions 52 continuing
from each bead portion 51 outside in the tire radial direction,
and a tread portion 53 extending between a pair of side wall
portions 52 to form a contacting portion, and further com-
prises a carcass 54 composed of one or more carcass plies
toroidally extending between a pair of bead portions 51 to
reinforce these portions, 51, 52, 53, and a side reinforcing
rubber layer 55 having a crescent shaped cross-section
arranged at the side wall portion 52 inside a carcass 54.

In the illustrated tire, a bead filler 57 is arranged on the
outside in the tire radial direction of a ring-shaped bead core
56 each embedded in the bead portion 51, and on the outside
in the tire radial direction of a crown portion of the carcass
54, a belt 58 composed of two belt layers is arranged.
Further, on the outside in the tire radial direction of the belt
58, a belt reinforcing layer (cap layer) 59A covering the
whole belt 58, and a pair of belt reinforcing layer (layered
layer) 59B covering only both the end portions of the belt
reinforcing layer 59A are arranged.
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In the tire of the present embodiment, the carcass ply is
composed of a rubberized layer of a polyester cord formed
by twisting the above-mentioned specific polyester filament
and then subjecting the twisted filament to an adhesive agent
treatment by using the above-mentioned epoxy-based adhe-
sive agent composition or the above-mentioned RFL-based
adhesive agent composition. By this, the adhesive property
between the polyester cord and the rubber can be improved,
and in particular, the adhesive property between rubber-
polyester cord at the time of high heat generation when a
high-intensity dynamic strain is repeatedly applied can be
dramatically improved. Accordingly, by applying the poly-
ester cord to a carcass ply, the occurrence of delamination
fracture during a run-flat travel can be inhibited, thereby
attaining a run-flat tire whose durability is improved. The
effect of inhibiting the occurrence of delamination fracture
of the carcass ply during the above-mentioned run-flat travel
is not sufficiently obtained when using the combination of a
specific polyester filament of the present invention and a
conventionally general adhesive agent or when using the
combination of a conventionally general polyester fiber and
a specific adhesive agent composition of the present inven-
tion.

In the present embodiment, the twisting coefficient Nt
defined by the formula of the above-mentioned polyester
cord which is to be applied to a carcass ply below:

Ni=tan 6=0.001xNx(0.125xD/p)*? 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is preferably from 0.40 to 0.55.
When the twisting coefficient Nt is less than 0.40, the cord
fatigability deteriorates, and when the twisting coefficient Nt
is higher than 0.55, the cord strength decreases, thereby
deteriorating the cut performance, each of which is not
preferred.

In the present embodiment, the total fineness of the
above-mentioned polyester cord is preferably 2000 dtex to
5100 dtex. When the total fineness is less than 2000 dtex the
cord strength is insufficient; when the total fineness is higher
than 5100 dtex, an irregularity occurs on the tire side
portion, each of which is not preferred.

Further, in the present embodiment, the melting point of
the above-mentioned polyester cord is preferably, 220° C. or
higher, and more preferably in a range of 240 to 270° C.
When the melting point of the above-mentioned polyester
cord is lower than 220° C., the polyester cord melts during
the run-flat travel, and the run-flat durability decreases,
which is not preferred.

In the run-flat tire of the present embodiment, only that
the conditions of the above-mentioned carcass ply cord are
satisfied is important. Other conditions such as the detail
structure of the tire or the material of each member are not
particularly restricted, and the tire can be constituted by
appropriately selecting conventionally known conditions.

Although, for example, the carcass 54 is constituted by
one carcass ply formed by coating a plurality of reinforcing
cords arranged in parallel with a coating rubber, and, in the
illustrated example, is composed of a body portion toroi-
dally extending between a pair of bead cores 56 each
embedded in the bead portion 51, and a turn-up portion
rolled up from the inside to the outside in the tire width
direction and outward in the tire radial direction around each
of the bead cores 56, the number of plies and the structure
of'the carcass 54 of the tire of the present embodiment is not
limited thereto. In either case, in the present embodiment,
the above-mentioned polyester cord needs to be applied to
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all carcass plies. In the present embodiment, the end count
of the above-mentioned polyester cord in the carcass ply
may be set to 35 to 65/50 mm.

A belt layer is usually composed of a rubberized layer of
cords, preferably, a rubberized steel cord layer, the cord
extending inclined at an angle of, for example, 10° to 40°
with respect to the tire equatorial plane, and two belt layers
are laminated such that cords which constitute a belt layer
crosses with each other sandwiching the tire equatorial plane
to constitute a belt 58. Although, in the illustrated example,
the belt 58 is composed of two belt layers, in the pneumatic
tire of the present embodiment, the number of the belt layers
which constitute the belt 58 is not limited thereto. Further,
although the belt reinforcing layers 59A, 59B are usually
composed of a rubberized cord layer, the cords being
arranged substantially in parallel with respect to the tire
circumferential direction, in the present embodiment, the
arrangement of the belt reinforcing layers 59A, 59B is not
indispensable, and a belt reinforcing layer having another
structure can also be arranged.

Still further, in the present embodiment, on the surface of
a tread portion 53, a tread pattern is appropriately formed,
and, on the innermost layer of a tire, an inner liner is usually
arranged (not illustrated). Still further, in the tire of the
present embodiment, as a gas with which the inside of the
tire is filled, a normal air or an air whose oxygen partial
pressure is changed, or an inert gas such as nitrogen can be
used.

Fourth Embodiment

FIG. 4 is a half cross-sectional view in the width direction
of still another example of a tire of the present invention. As
illustrated, the tire of the present embodiment is a so-called
run-flat tire which comprises a pair of left-and-right bead
portions 61 and a pair of side wall portions 62 continuing
from each bead portion 61 outside in the tire radial direction,
and a tread portion 63 extending between a pair of side wall
portions 62 to form a contacting portion. The tire of the
present embodiment further comprises a carcass 64 com-
posed of one or more carcass plies toroidally extending
between a pair of bead cores 61 to reinforce these portions,
61, 62, 63, and a side reinforcing rubber layer 65 having a
crescent shaped cross-section arranged at the side wall
portion 62 inside a carcass 64.

In the illustrated tire, a bead filler 67 is arranged on the
outside in the tire radial direction of a ring-shaped bead core
66 each embedded in the bead portion 61, and on the outside
in the tire radial direction of a crown portion of the carcass
64, a belt 68 composed of two belt layers is arranged.
Further, on the outside in the tire radial direction of the belt
68, a belt reinforcing layer 69A covering the whole belt 68,
and a pair of belt reinforcing layer 69B covering only both
the end portions of the belt reinforcing layer 69A are
arranged.

In the run-flat tire of the present embodiment, one or
more, preferably one to two reinforcing cord layers 10 are
arranged at least outside at the tire maximum width position
in the tire width direction of the carcass 64. By arranging the
reinforcing cord layer 10 at least at the tire maximum width
position, distortion of the tire side portion during run-flat
travelling can be inhibited, thereby improving the run-flat
durability performance.

Although one reinforcing cord layer 10 is arranged in the
illustrated example, two or more reinforcing cord layers 10
may also be used, and the number of layers is not particu-
larly restricted. The cord angle of the reinforcing cord layer
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10 is preferably smaller than 10° with respect to the tire
radial direction. When the cord angle is larger than 10°,
normally, the vertical strength of spring when the tire is
inflated to an inner pressure deteriorates, which may com-
promise the riding comfort. The end count of the cords of the
reinforcing cord layer 10 may be set to 35 to 60/50 mm.

In the example illustrated in FIG. 4, although the rein-
forcing cord layer 10 is arranged from the end portion of the
belt 68 to a position which exceeds the maximum width
portion of the tire side portion such that the layer covers the
outside of a turn-up portion 645 of the carcass 64, the
arrangement region of the reinforcing cord layer 10 is not
limited thereto as long as the layer is arranged at least at the
tire maximum width position. For example, as illustrated in
FIG. 5, the reinforcing cord layer 20 may also be arranged
from the end portion of the belt 68 to the end portion of a
turn-up portion 645 of a carcass 64 in the tire side portion at
the maximum width portion, and in this case, particularly a
reinforcement effect against bending of the side reinforcing
rubber layer 65 can be obtained. As illustrated in FIG. 6, the
reinforcing cord layer 30 can be extended from the end
portion of the belt 68 along a body portion 64a and turn-up
portion 645 of the carcass 64 to the outside of the bead core
66 in the tire width direction, and in this case, particularly a
reinforcement effect against bending of the body portion 64a
of'the carcass 64 and the side reinforcing rubber layer 65 can
be obtained. Further, as illustrated in FIG. 7, the reinforcing
cord layer 40 can be extended from the end portion of the
belt 68 along a body portion 64a of the carcass 64 to the
outside end of the bead core 66 in the tire radial direction,
and in this case, particularly a reinforcement effect against
bending of the body portion 64a of the carcass 64 at the side
wall portion and the side reinforcing rubber layer 65 can be
obtained. Still further, as illustrated in FIG. 8, the reinforcing
cord layers 50, 60 may also be arranged on both a region
from the end portion of the belt 68 to the end portion of a
turn-up portion 645 of a carcass 64 in the tire side portion at
the maximum width portion and a region along the inside of
the bead filler 67 in the tire width direction, and in this case,
particularly a reinforcement effect against bending of the
side reinforcing rubber layer 65 and the bead portion 61 can
be obtained.

In the tire of the present embodiment, the above-men-
tioned reinforcing cord layer is composed of a rubberized
layer of a polyester cord formed by twisting the above-
mentioned specific polyester filament and then subjecting
the twisted filament to an adhesive agent treatment by using
the above-mentioned epoxy-based adhesive agent composi-
tion or the above-mentioned specific RFL-based adhesive
agent liquid. By this, the adhesive property between the
polyester cord and the rubber can be improved, and in
particular, the adhesive property between rubber-polyester
cord at the time of high heat generation when a high-
intensity dynamic strain is repeatedly applied can be dra-
matically improved. Accordingly, by applying the polyester
cord to a reinforcing cord layer, the occurrence of delami-
nation fracture during a run-flat travel can be inhibited,
thereby attaining a run-flat tire whose durability is
improved. The effect of inhibiting the occurrence of delami-
nation fracture of the reinforcing cord layer during the
above-mentioned run-flat travel is not sufficiently obtained
when using the combination of a specific polyester filament
of the present invention and a conventionally general adhe-
sive agent or when using the combination of a convention-
ally general polyester fiber and a specific adhesive agent
composition of the present invention.
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In the present embodiment, the twisting coeflicient Nt
defined by the formula of the above-mentioned polyester
cord which is to be applied to the above-mentioned rein-
forcing cord layer below:

Ni=tan §=0.001xNx(0.125xD/p)}? 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is preferably from 0.20 to 0.55.
When the twisting coefficient Nt is less than 0.20, the cord
converging characteristic becomes low, and the run-flat
durability performance may deteriorate, and when the twist-
ing coefficient Nt is higher than 0.55, the cord tensile rigidity
decreases, thereby deteriorating the run-flat durability per-
formance, each of which is not preferred.

In the present embodiment, the total fineness of the
above-mentioned polyester cord is preferably 2000 dtex to
5100 dtex. When the total fineness is less than 2000 dtex the
cord strength is insufficient; when the total fineness is higher
than 5100 dtex, an irregularity occurs on the tire side
portion, each of which is not preferred.

In the run-flat tire of the present embodiment, only that
the conditions of a polyester cord used for the above-
mentioned reinforcing cord layer are satisfied is important.
Other conditions such as the detail structure of the tire or the
material of each member are not particularly restricted, and
the tire can be constituted by appropriately selecting con-
ventionally known conditions.

In the illustrated example, for example, the carcass 64 is
constituted by one carcass ply formed by coating a plurality
of reinforcing cords arranged in parallel with a coating
rubber, and is composed of a body portion 64a toroidally
extending between a pair of bead cores 66 each embedded
in the bead portion 61, and a turn-up portion 645 rolled up
from the inside to the outside in the tire width direction and
outward in the tire radial direction around each of the bead
cores 66. Although the illustrated carcass 64 of a tire is
composed of one carcass ply, in the present embodiment, the
number of carcass plies constituting the carcass 64 is not
limited thereto, and two or more carcass plies may be used.
The structure thereof is also not particularly restricted. The
locking structure of the carcass 64 at a bead portion is also
not restricted to a structure in which, as illustrated, the
carcass is rolled up around the bead core to be locked, and
may be a structure in which the end portion of the carcass is
sandwiched by two bead cores (not illustrated). In the
present embodiment, as a cord constituting a carcass ply, a
polyethylene terephthalate (PET) cord and a cellulose fiber
cord can be preferably used.

A belt layer is usually composed of a rubberized layer of
cords, preferably, a rubberized steel cord layer, the cord
extending inclined at an angle of, for example, 10° to 40°
with respect to the tire equatorial plane, and two belt layers
are laminated such that cords which constitute a belt layer
crosses with each other sandwiching the tire equatorial plane
to constitute a belt 68. Although, in the illustrated example,
the belt 68 is composed of two belt layers, in the pneumatic
tire of the present embodiment, the number of the belt layers
which constitute the belt 68 is not limited thereto. Further,
although the belt reinforcing layers 69A, 69B are usually
composed of a rubberized cord layer, the cords being
arranged substantially in parallel with respect to the tire
circumferential direction, and in the illustrated example, the
belt reinforcing layers is constituted by a belt reinforcing
layer 69A covering the whole of the belt 68, and two pairs
of belt reinforcing layers 69B covering only both the end
portions thereof to form a so-called cap layer structure, in
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the present embodiment, the arrangement of the belt rein-
forcing layers 69A, 69B is not indispensable, and belt
reinforcing layers having another structure in another num-
ber of layers can also be arranged.

Still further, in the present embodiment, on the surface of
a tread portion 63, a tread pattern is appropriately formed,
and, on the innermost layer of a tire, an inner liner is usually
arranged (not illustrated). Further, in the tire of the present
embodiment, as a gas with which the inside of the tire is
filled, a normal air or an air whose oxygen partial pressure
is changed, or an inert gas such as nitrogen can be used.

EXAMPLES

The present invention will now be described in detail by
way of Examples.

Example 1-1
Manufacturing of Polyester Fiber

By using a polyethylene terephthalate chip having a high
carboxy group terminal having an intrinsic viscosity of 1.03,
high-speed spinning by a melt spinning method and multi-
stage stretching were performed, and an epoxy treatment
was performed on the surface thereof to prepare a below-
mentioned polyester fiber. Meanwhile, 0.2 parts by mass of
the oil agent used for the epoxy treatment was attached to
100 parts by mass of the fiber, and the amount of polyglyc-
erolpolyglycidylether which was an epoxy compound com-
ponent to the surface of the fiber was 0.12% by mass.

The polyester fiber had physical properties, an intrinsic
viscosity of 0.91, a fineness of 1130 dtex, 384 filament, a
strength of 6.9 cN/dtex, a degree of elongation of 12%, and
a degree of a dry heat shrinkage of 10.5%, an amount of
terminal carboxy group of 22 equivalent/ton, the long period
according to small-angle X-ray diffraction of 10 nm, the
amount of terminal carboxy group on the fiber surface of 7
equivalent/ton, a crystal size in the fiber lateral axis direction
of 45 nm? an amount of terminal methyl group of O
equivalent/ton, a titanium oxide content of 0.05% by mass,
and an amount of surface epoxy group (epoxy index) of
0.1x107 equivalent/kg.

Here, regarding the above-mentioned polyester fiber, the
intrinsic viscosity, the strength and degree of elongation, the
degree of a dry heat shrinkage, the amount of terminal
carboxy group, the long period and crystal size in the fiber
lateral axis direction according to small-angle X-ray diffrac-
tion, the amount of terminal carboxy group on the fiber
surface, the amount of terminal methyl group, the titanium
oxide content, and the amount of surface epoxy group were
each measured in accordance with the following description.
The same applies hereinafter.

(Intrinsic Viscosity)

Polyester chip and polyester fiber were dissolved in
orthochlorophenol at 100° C., for 60 minutes to give a
diluted solution, then the intrinsic viscosity thereof was
calculated by the value obtained by measuring the diluted
solution using a Ubbelohde viscometer at 35° C.

(Amount of Terminal Carboxy Group)

Into a flask, 40.00 g of a polyester sample powderized by
using a pulverizer and 100 ml of benzyl alcohol were added,
and then, the polyester sample was dissolved in the benzyl
alcohol under nitrogen air at 215+1° C. for 4 minutes. After
dissolving, the sample solution was cooled to room tem-
perature, then adding thereto a suitable amount of 0.1% by
mass solution of phenol red in benzyl alcohol, followed by
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rapid titration with N normality of benzyl alcohol solution of
sodium hydroxide, to obtain the amount of titration till the
color changed as A ml. As a blank, to 100 ml of benzyl
alcohol, the same amount of 0.1% by mass solution of
phenol red in benzyl alcohol as above was added, and a rapid
titration was performed with N normality of benzyl alcohol
solution of sodium hydroxide, to obtain the amount of
titration till the color changed as B ml. Using these values,
the terminal COOH group content in the polyester sample
was calculated by the expression below.

terminal COOH group content (eq/10° g)=(4-B)x
10°xNx10%/40

The benzyl alcohol used here was those stored in a light
shielding bottle which was obtained by distilling a special
grade reagent. As the N normality of benzyl alcohol solution
of sodium hydroxide, a solution whose normality N was
precisely determined by titration by a sulfuric acid solution
having an already-known concentration was used.
(Amount of Terminal Methyl Group)

After hydrolyzing a polyester into an acid component and
a glycol component, a methyl ester component was quanti-
tated by gas chromatography to obtain the value thereof,
then the amount of terminal methyl group was calculated
using the value.

(Titanium Oxide Content)

The content of each element was measured by an X-ray
fluorescence spectrometer (manufactured by Rigaku Corpo-
ration, 3270E type) to perform a quantitative analysis.
During fluorescent X-ray analysis, a polyester fiber resin
polymer sample was heated in a press for 2 minutes at 260°
C. under a pressuring condition of 7 MPa to manufacture a
test molding having a plane surface under pressuring con-
dition to perform measurement.

(X-Ray Diffraction)

X-ray diffraction for polyester composition fiber was
performed by using an X-ray diffraction apparatus (manu-
factured by Rigaku Corporation, RINT-TTR3, Cu—Ka ray,
tube voltage 50 kV, current 300 mA, parallel beam method).
The long period interval was calculated by using a small-
angle X-ray scattering measurement device and using a
conventionally known method, in other words, by using a
diffraction line of a meridian interference obtained by the
irradiation of Cu—Kea ray having a wavelength of 1.54 A as
a beam source to a fiber axis at a right angle, and by using
the Bragg’s equation. The crystal size was determined by the
full-width at half maximum of (010)(100) strength distribu-
tion curve of equator scanning from X-ray wide angle
diffraction by using the Scherrer equation.

(Amount of Terminal Carboxy Group on Fiber Surface)

In accordance with JIS K0070-3.1 neutralization titration,
the amount of carboxy group (acid value) on the fiber
surface was determined. Specifically, to about 5 g of a fiber
sample, 50 ml of diethyl ether/ethanol=1/1 solution was
added, and few droplets of phenolphthalein solution were
added thereto as an indicator, followed by ultrasonic shaking
at room temperature for 15 minutes. The solution was
titrated with 0.1 ml of a potassium hydroxide ethanol
solution (factor value £=1.030), and measured the dropping
amount of the indicator to the end point when pale pink
continued for 30 seconds to calculate the acid value by the
following formula:

acid value 4 (eq/ton)=(Bx1.030x100)/S

(wherein B represents the dropping amount of 0.1 ml
potassium hydroxide ethanol solution (ml), and S represents
the amount of the sample (g)).
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(Strength and Degree of Elongation of Fiber)

The strength and degree of elongation of a fiber was
measured by using a tensile load measuring instrument
(manufactured by SHIMADZU CORPORATION Auto-
graph) in accordance with JIS [L-1013.

(Degree of Dry Heat Shrinkage)

In accordance with JIS-L.1013, the fiber was left to stand
still in a room where the temperature and the humidity were
controlled at 20° C. and 65% RH for 24 hours, then
subjected to a heat treatment of 180° C.x30 minutes without
applying no load in a drying machine to calculate the dry
heat shrinkage by the difference between the length before
the heat treatment and the length after the treatment.
(Epoxy Index (EI))

For the polyester fiber after heat treatment, the epoxy
index (EI: epoxy equivalent number per 1 kg of fiber) was
measured in accordance with JIS K-7236.

After forming a cord by twisting a polyester filament
composed of the obtained polyester fiber in accordance with
the conditions listed on the Table below, the cord was
subjected to an adhesive agent treatment by using an adhe-
sive agent composition. The obtained polyester cord was
rubberized to obtain a rubber-cord complex. By using the
rubber-cord complex, a treat having an end count of 50/50
mm was manufactured, and then the treat was applied to a
cap layer and a layered layer of a tire having a tire size of
205/65R15 to manufacture a test tire of Example 1-1. The
test tire comprises a carcass composed of one carcass ply
(material: PET) extending toroidally between a pair of
left-and-right bead cores as a skeleton, two belts (material:
steel) arranged crossing each other at angles of +40° with
respect to the tire circumferential direction on the outside of
the carcass in the tire radial direction, a cap layer arranged
across the full width of a belt or more, and a layered layer
belt arranged on both end portions of the belt.

Comparative Example 1-1-1

A similar polyester fiber to that in Example 1-1 was
prepared except that a multipurpose polyethylene terephtha-
late chip for a tire cord having a low carboxy group terminal
was used; an epoxy treatment on the fiber surface was not
performed; and a drawing condition was finely adjusted in
order to adjust the physical property values.

The polyester fiber had similar physical properties to
those of the polyester fiber used in Example 1-1, an intrinsic
viscosity of 0.91, a fineness of 1130 dtex, 384 filament, a
strength of 6.9 cN/dtex, a degree of elongation of 12%, and
degree of a dry heat shrinkage of 10.5%, the long period
according to small-angle X-ray diffraction of 10 nm, and a
crystal size in the fiber lateral axis direction of 45 nm>. Note
that the amount of terminal carboxy group was 18 equiva-
lent/ton, the amount of terminal carboxy group on the fiber
surface was 11 equivalent/ton, and the amount of surface
epoxy groups (epoxy index) was 0.0x107> equivalent/kg;
and since the polymer used was different, the amount of
terminal methyl groups was 5 equivalent/ton, and the tita-
nium oxide content was 0.00% by mass. A test tire of
Comparative Example 1-1-1 was manufactured in a similar
manner to Example 1-1 except that the polyester filament
composed of the polyester fiber was used.

Comparative Example 1-1-2
A similar polyester fiber to that in Example 1-1 was

prepared except that a multipurpose polyethylene terephtha-
late chip for a tire cord having a low carboxy group terminal
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was used; and a drawing condition was finely adjusted in
order to adjust the physical property values.

The polyester fiber had similar physical properties to
those of the polyester fiber used in Example 1-1, an intrinsic
viscosity of 0.91, a fineness of 1130 dtex, 384 filament, a
strength of 6.9 cN/dtex, a degree of elongation of 12%, and
a degree of a dry heat shrinkage of 10.5%, the long period
according to small-angle X-ray diffraction of 10 nm, and a
crystal size in the fiber lateral axis direction of 45 nm?. The
amount of surface epoxy groups (epoxy index) was 0.1x107>
equivalent/kg, which was the same. Note that the amount of
terminal carboxy group was 18 equivalent/ton and that the
amount of terminal carboxy group on the fiber surface was
9 equivalent/ton; and since the polymer used was different,
the amount of terminal methyl groups was 5 equivalent/ton,
and the titanium oxide content was 0.00% by mass. A test
tire of Comparative Example 1-1-2 was manufactured in a
similar manner to Example 1-1 except that a polyester
filament composed of the polyester fiber was used.

For each obtained test tire, the dynamic adhesive property
and the high-speed drum durability were evaluated in accor-
dance with the following. The obtained results are listed on
the Table below.
<Dynamic Adhesive Property>

FIG. 9 is a perspective view illustrating a rubber test piece
used in a dynamic adhesion test in Examples. As illustrated,
a tire reinforcing polyester cord 22 in each of the Examples
and Comparative Examples was embedded in rubber matrix
such that cord layers are parallel to each other, and a rubber
test piece 21 having a width W: 50 mm, a length L.: 500 mm
and a height H, 5.5 mm was manufactured. The end count of
cords was set to 50/50 mm; the distance h; between cords
was set to 2.5 mm, and the distance h, from the center of the
cord to the surface was set to 1.5 mm. As illustrated in FIG.
10, each obtained rubber test piece 21 was hung on a pulley
23, a load of 50 kg/inch was applied in the direction of the
axis of the cord, and tension and compressive force were
cyclically applied at 100 rpm for 300,000 times. The tension
rate at the time of adhesion test was set to 300 mm/min.
After the test, the pull-up adhesive strength (N/cord) of the
cord on the pulling side was measured to obtain the dynamic
adhesive strength. The results were expressed as indices
setting the distance in Comparative Example 1-1-1 to 100.
The larger the value, the more excellent the dynamic adhe-
sive property, which is preferred.
<High-Speed Drum Durability>

To each test tire, 200% load which is the maximum load
condition in JATMA was applied, the tire was allowed to
travel on a drum, and then, the travel distance until failure
of the tire occurred was expressed as an index setting the
distance in Comparative Example 1-1-1 to 100. The larger
the value, the better the result. At the same time, breaking
pattern was observed at the time of failure.

TABLE 1
Comparative Comparative ~ Example
Example 1-1-1 Example 1-1-2 1-1

Cord structure 1100/2 1100/2 1100/2
(dtex/cord)
The amount of carboxy Low Low High
group terminal
Presence or absence Absent Present Present
of surface treatment
of polyester filament
The number of twist 30 x 30 30 x 30 30 x 30

(times/10 cm)
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TABLE 1-continued TABLE 2
Comparative Comparative ~ Example Comparative Comparative ~ Example
Example 1-1-1 Example 1-1-2 1-1 Example 1-2-1 Example 1-2-2 1-2
Dynamic adhesive 100 100 180 5 Cord structure 1670/2 1670/2 1670/2
property (index) (dtex/cord)
High-speed drum 100 100 168 The amount of carboxy Low Low High
durability (index) group terminal
High-speed drum Separation Separation Chunk in Presence or absence Absent Present Present
breaking pattern failure between failure between tread of Surface treatment
cap layer cap layer rubber 10 of polyester filament
and tread over and tread over The number of twist 40 x 40 40 x 40 40 x 40
the entire the entire (/10 cm)
circumference  circumference Dynamic adhesive 100 100 180
property (index)
High-speed drum 100 100 163
As shown in the above-mentioned Table, it was confirmed |5 durability (index)
that, in the tire of the Example, the occurrence of failure High-speed drum shoulder shoulder tread
originating from the cap layer or the layered layer was breaking pattern failure failure failure
effectively inhibited, thereby improving the high-speed
drum durability. As shown in the above-mentioned Table, it was confirmed
E 5o that, in the tire of Example, breaking of the shoulder portion
xample 1-2 . . .
was prevented, thereby improving the high-speed drum
After forming a cord by twisting the polyester filament durability.
obtained in a similar manner to Example 1-1 in accordance
with the conditions listed on the Table below, the cord was Example 1-3
subjected to an adhesive agent treatment by using a similar 25 ) o
adhesive agent composition to that used in Example 1-1. The After forming a cord by twisting the polyester filament
obtained polyester cord was rubberized to obtain a rubber- obtained in a similar manner to Example 1-1 in accordance
cord CompleX. By using the rubber-cord CompleX, a treat with the conditions listed on the Table belOW, the cord was
having an end count of 50/50 mm was manufactured, and subjected to an adhesive agent treatment by using a similar
then the treat was applied to a carcass ply of a tire having a 30 adhesive agent composition to that used in Example 1-1. The
tire size of 225/55R16 to manufacture a test tire of Example obtained polyester cord was rubberized to obtain a rubber-
1-2. The test tire comprises a carcass composed of one cord complex. By using the rubber-cord complex, a treat
carcass ply extending toroidally between a pair of left-and- having an end count of 50/50 mm was manufactured, and
right bead cores as a skeleton, two belts (material: steel) then the treat was applied to an insert of a tire having a tire
arranged crossing each other at angles of +40° with respect 33 size of 245/45R19 to manufacture a test tire of Example 1-3.
to the tire circumferential direction on the outside of the The test tire comprises a carcass composed of two carcass
carcass in the tire radial direction. plies (material: PET) extending toroidally between a pair of
left-and-right bead cores as a skeleton, two belts (material:
Comparative Example 1-2-1 steel) arranged crossing each other at angles of +40° with
40 regpect to the tire circumferential direction on the outside of
A test tire of Comparative Example 1-2-1 was manufac-  the carcass in the tire radial direction. The insert was
tured in a similar manner to Example 1-2 except that a arranged on the outside of the carcass ply at a bead portion.
similar polyester filament to that in Comparative Example
1-1-1 was used. Comparative Example 1-3-1
45
Comparative Example 1-2-2 A test tire of Comparative Example 1-3-1 was manufac-
tured in a similar manner to Example 1-3 except that a
A test tire of Comparative Example 1-2-2 was manufac- similar polyester filament to that in Comparative Example
tured in a similar manner to Example 1-2 except that a 1-1-1 was used.
similar polyester filament to that in Comparative Example 50
1-1-2 was used. Comparative Example 1-3-2
For each obtained test tire, the dynamic adhesive property
was evaluated in the same manner as above (Comparative A test tire of Comparative Example 1-3-2 was manufac-
Example 1-2-1 was used as a standard), and at the same tured in a similar manner to Example 1-3 except that a
time, the high-speed drum durability when a camber angle 55 similar polyester filament to that in Comparative Example
is provided was evaluated in accordance with the following. 1-1-2 was used.
The obtained results are listed on the Table below. For each obtained test tire, the dynamic adhesive property
<High-Speed Drum Durability (when Camber Angle was was evaluated in the same manner as above (Comparative
Provided)> Example 1-3-1 was used as a standard), and at the same
To each test tire, 200% load which is the maximum load 60 time, the bead portion durability drum test was performed in
condition in JATMA was applied, the tire was allowed to accordance with the following. The obtained results are
travel on a drum when camber angle 4° was provided, and listed on the Table below.
then, the travel distance until failure of the tire occurred was <Bead Portion Durability Drum Test>
expressed as an index setting the distance in Comparative Each test tire was allowed to travel on a drum under a high
Example 1-2-1 to 100. The larger the value, the better the 65 inner pressure and high load condition, under an inner

result. At the same time, breaking pattern was observed at
the time of failure.

pressure of 400 kPa and an load of 5.0 kN, and the durability
was evaluated by the travel distance until the failure of a
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bead portion occurred. The result was expressed as an index
setting the distance of Comparative Example 1-3-1 to 100.
The larger the value, the better the result. At the same time,
breaking pattern was observed at the time of failure. When
the adhesive strength of the insert member is low, separation
at a adhesion portion occurs first, thereby reducing the drum
travel distance. On the other hand, when the adhesive
strength of the insert member is high, a failure nuclei is
changed to a turn-up portion of the carcass ply, thereby
improving drum travel distance.

TABLE 3
Comparative Comparative ~ Example

Example 1-3-1 Example 1-3-2 1-3
Cord structure 1100/2 1100/2 1100/2
(dtex/cord)
The amount of carboxy Low Low High
group terminal
Presence or absence Absent Present Present
of Surface treatment
of polyester filament
The number of twist 30 x 30 30 x 30 30 x 30
(/10 cm)
Dynamic adhesive 100 100 180
property (index)
Bead portion 100 100 165
durability drum
(index)
Bead portion insert portion  insert portion bead
durability drum separation separation portion
breaking pattern failure failure failure

As shown in the above-mentioned Table, it was confirmed
that in a tire of the Example, the occurrence of failure
originating from separation of an insert is effectively inhib-
ited, thereby improving the durability.

From the above-mentioned results, it was confirmed that,
in the tire of the present invention in which a rubber-cord
complex using a specific polyester filament was used as a
reinforcing member, the durability was improved.

Example 2-1-1
Preparation of Adhesive Agent Composition

Epoxy-based adhesive agent compositions (1-1) to (1-3)
were prepared by the formulation listed on the Table below.

For an epoxy-based adhesive agent composition, the
following components were used. For the thermoplastic
polymer (A), those mentioned below were used.
(A-1) Epocross K1010E, a product manufactured by NIP-
PON SHOKUBAI CO., LTD., solid content concentration
40%, (acryl-styrene copolymer emulsion containing 2-0X-
azoline group), polymer Tg: -50° C., the amount of oxazo-
line groups: 0.9 (mmol/g, solid)
(A-2) Epocross K1030E, a product manufactured by NIP-
PON SHOKUBAI CO., LTD., solid content concentration
40%, (acryl-styrene copolymer emulsion containing a 2-0x-
azoline group), polymer Tg: 50° C., the amount of oxazoline
groups: 0.9 (mmol/g, solid)
(A-3) Polymer obtained by the below-mentioned Synthesis
example, (urethane-based copolymer emulsion containing a
hydrazino group)

Synthesis Example

Preparation Method of (A-3)

Ahydrazino group-containing aqueous urethane resin was
manufactured in accordance with the description of Synthe-
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sis example 1 described in Japanese Unexamined Patent
Application Publication No. 10-139839. Specifically, to a
four-necked flask provided with a reflux condenser, a ther-
mometer and a stirrer, 80 parts by mass of polycaprolactone
(manufactured by Daicel Corporation, molecular weight
2,000), 99.9 parts by mass of isoholon diisocyanate, 30 parts
by mass of dimethylol propionic acid, 100 parts by mass of
polyester polyol (manufactured by Unitika Ltd., ELI-
TEL3320, molecular weight 2,000), 28.1 parts by mass of a
propylene glycoldiglycidylether-acrylic acid adduct (manu-
factured by kyoeisha Chemical Co., Ltd.), 30 parts by mass
of N-methylpyrrolidone, and 150 parts by mass of ethyl
acetate were added, and then stirred under a nitrogen atmo-
sphere, heated to 90° C. and the mixture was subjected to a
urethanization reaction at the temperature for one hour.
Thereafter, the mixture was cooled to 40° C. to obtain a
prepolymer having NCO terminal. Next, to the prepolymer,
20 parts by mass of triethylamine was added and neutralized,
and then 600 parts by mass of ion exchanged water was
added thereto. Next, to the reaction system, 12.0 parts by
mass of adipic acid dihydrazide was added, and stirred for
one hour, and then ethyl acetate was distilled off under
reduced pressure, thereafter, water dilution was performed
to attain the solid content concentration of 30%, thereby
obtaining a urethane-based copolymer emulsion having a
hydrazine terminal. The weight-average molecular weight
thereof based on polystyrene measured by GPC was
Mw=35,000.

For the water-soluble polymer (B), the following compo-
nents were used.

(B-1) ISOBAM 10, KURARAY CO., LTD., solid content
concentration 100%, (copolymer of isobutylene and maleic
anhydride), molecular weight: 160,000 to 170,000

(B-2) ISOBAM 04, KURARAY CO., LTD., solid content
concentration 100%, (copolymer of isobutylene and maleic
anhydride), molecular weight: 55,000 to 65,000

(B-3) ISOBAM 110, KURARAY CO., LTD., solid content
concentration 100%, (a derivative in which maleic anhy-
dride unit of copolymer of isobutylene and maleic anhydride
was reacted with ammonia to obtain a mono amide unit of
a maleic acid, then heated to close the ring to obtain a
maleimide unit), molecular weight: 190,000 to 200,000

For the compound (C), the following components were
used.

(C-1) DELION PAS-037, manufactured by TAKEMOTO
OIL & FAT Co., Ltd., (diphenylmethane bis(4,4'-carbamoyl-
e-caprolactam): containing the molecular structure of diphe-
nylmethane diisocyanate and a blocking agent), solid con-
tent concentration 27.5%

(C-2) Penacolite R-50, manufactured by Indspec Chem. Co.,
(condensate of resorcin and formaldehyde by novolac form-
ing reaction), solid content concentration 50% (C-3) ELAS-
TRON BN77, manufactured by Dai-ichi Kogyo Seiyaku
Co., Ltd., (heat reactive aqueous urethane resin containing
the molecular structure of methylenediphenyl), solid content
concentration 31%

For the aliphatic epoxide compound (D), the following
component was used.

(D-1) DENACOL EX614B, manufactured by Nagase
ChemteX Corporation, (sorbitolpolyglycidylether)
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TABLE 4

Adhesive agent composition

(% by
(1-1) (% by mass) (1-2) (% by mass) (1-3) mass)
Component A-1 5 A-2 30 A-3 30
)
Component B-1 15 B-2 20 B-3 20
®)
Component C-1 20 C-2 40 C-3 40
(©)
Component D 60 D 10 D 10

)

After forming a cord by twisting a polyester filament
composed of the polyester fiber obtained in a similar manner
to Example 1-1 in accordance with the conditions listed on
the Table below, the cord was subjected to an adhesive agent
treatment by using the above-mentioned epoxy-based adhe-
sive agent composition (1-1). Subsequently, an adhesive
agent treatment was further performed on the cord with an
RFL-based adhesive agent composition to obtain a tire
reinforcing polyester cord.

The obtained polyester cord for reinforcing tire was
rubberized, a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a cap layer
and a layered layer of a tire having a tire size of 205/65R15
to manufacture a test tire of Example 2-1-1. The test tire
comprises a carcass composed of one carcass ply (material:
PET) extending toroidally between a pair of left-and-right
bead cores as a skeleton, two belts (material: steel) arranged
crossing each other at angles of +40° with respect to the tire
circumferential direction on the outside of the carcass in the
tire radial direction, a cap layer arranged across the full
width of a belt or more, and a layered layer belt arranged on
both end portions of the belt.

Example 2-1-2

Atest tire of Example 2-1-2 was manufactured in a similar
manner to Example 2-1-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-2) listed on the above-mentioned Table was used.

Example 2-1-3

Atest tire of Example 2-1-3 was manufactured in a similar
manner to Example 2-1-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-3) listed on the above-mentioned Table was used.

Comparative Example 2-1-1

A test tire of Comparative Example 2-1-1 was manufac-
tured in a similar manner to Example 2-1-1 except that a
similar polyester filament composed of polyester fiber to that
of Comparative Example 1-1-1 was used.

Comparative Example 2-1-2

An adhesive agent liquid (1-4) was prepared by the
formulation listed on the Table below, and the adhesive
agent liquid was diluted and adjusted such that 20% by mass
of an aqueous adhesive agent liquid in the above-mentioned
ratio was obtained. The blocked isocyanate compound was
added after an RFL adhesive agent liquid was mixed and
aged at 20° C. for 24 hours, immediately before use. The
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blocked isocyanate compound used was manufactured by
Dai-ichi Kogyo Seiyaku Co., Ltd.: ELASTRON BN69
(blocking agent dissociating temperature 120° C.) and BN27
(blocking agent dissociating temperature 180° C.). Latex
was experimentally made by emulsion polymerization.

TABLE 5
Adhesive agent
liquid (1-4)
Adhesive Resorcin 8
agent liquid Formaldehyde 4
formulation Latex 100
(mass ratio) Catalyst Caustic soda

Blocked isocyanate compound
Catalyst/resorcin(molar ratio)
Isocyanate compound ratio in adhesive agent 5
(% by mass)

0
Ammonia 4
6
3

Rubber latex Core ratio 0

composition Core vinylpyridine 0

(% by mass) Core styrene 0
Core butadiene 0
Shell ratio 100
Shell vinylpyridine 15
Shell styrene 15
Shell butadiene 70

Isocyanate Blocking agent dissociating 180

compound temperature (° C.)

Drying temperature (° C.) 180

A test tire of Comparative Example 2-1-2 was manufac-
tured in a similar manner to Example 2-1-1 except that, after
forming a cord by twisting a polyester filament composed of
a polyester fiber in accordance with the conditions listed on
the Table below, an adhesive agent treatment was performed
using adhesive agent liquids (1-4) on the cord in a step
illustrated in FIG. 11. Specifically, a cord 102 transferred
from an unwinding apparatus 101 was passed through an
adhesive agent liquid 103 to impregnate the cord 102 with
the adhesive agent liquid 103 (impregnation step); the
impregnated cord 102 was transferred to a drying zone 104
to dry the cord 102 (drying step); the dried cord 102 was
passed through a heat set zone 105 and a normalizing zone
106 (heat treatment step); and then, the cord 102 was cooled,
and wound by a winding apparatus 107. The drying tem-
perature in the drying zone 104 in the drying step was a
temperature listed on the below-mentioned Table, and the
drying time was two minutes. In the heat treatment step
composed of the subsequent heat set zone 105 and normal-
izing zone 106, the treatment temperature was 250° C. and
the treatment time was 1 minute. In this case, the cord
tension was 1 kg/cord.

Comparative Example 2-1-3

A test tire of Comparative Example 2-1-3 was manufac-
tured in a similar manner to Example 2-1-1 except that a
polyester filament composed of a similar polyester fiber to
Comparative Example 1-1-2 was used.

For each obtained test tire, the dynamic adhesive property
and the high-speed drum durability were evaluated in accor-
dance with the following. The obtained results are listed on
the Table below.
<Dynamic Adhesive Property>

The dynamic adhesive strength was evaluated in a similar
manner as above. The results were expressed as indices
setting the distance in Comparative Example 2-1-1 to 100.
The larger the value, the more excellent the dynamic adhe-
sive property, which is preferred.
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<High-Speed Drum Durability>

To each test tire, 200% load which is the maximum load
condition in JATMA was applied, the tire was allowed to
travel on a drum, and then, the travel distance until failure
of the tire occurred was expressed as an index setting the
distance in Comparative Example 2-1-1 to 100. The larger
the value, the better the result. At the same time, breaking
pattern was observed at the time of failure.

48
Example 2-2-3

A test tire of Example 2-2-3 was manufactured in a similar
manner to Example 2-2-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-3) listed on the above-mentioned Table was used.

TABLE 6
Comparative Comparative Comparative
Example Example Example Example Example Example
2-1-1 2-1-2 2-1-3 2-1-1 2-1-2 2-1-3
Cord structure 1100/2 1100/2 1100/2 1100/2 1100/2 1100/2
(dtex/cord)
The amount of High High High Low High Low
carboxy group
terminal
Presence or absence Present Present Present Absent Present Present
of Surface treatment
of polyester filament
Adhesive agent (1-1) (1-2) (1-3) (1-1) (1-4) (1-1)
composition
The number of twist 30 x 30 30 x 30 30 x 30 30 x 30 30 x 30 30 x 30
(/10 cm)
Dynamic adhesive 180 170 160 100 85 105
property (index)
High-speed drum 160 160 160 100 90 104
durability (index)
High-speed drum Chunk in  Chunk in  Chunk in Separation failure Separation failure Separation failure
breaking pattern tread tread tread between cap layer between cap layer between cap layer
rubber rubber rubber and tread over and tread over and tread over

the entire
circumference

the entire
circumference

the entire
circumference

As shown in the above-mentioned Table, it was confirmed
that, in the tire of the Example, the occurrence of failure
originating from the cap layer or the layered layer was
effectively inhibited, thereby improving the high-speed
drum durability.

Example 2-2-1

After forming a cord by twisting the polyester filament
obtained in a similar manner to Example 2-1-1 in accor-
dance with the conditions listed on the Table below, the cord
was subjected to an adhesive agent treatment by using a
similar epoxy adhesive agent composition (1-1) to that used
in Example 2-1-1. Subsequently, an adhesive agent treat-
ment was further performed on the cord with an RFL-based
adhesive agent composition to obtain a tire reinforcing
polyester cord.

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a carcass ply
of'a tire having a tire size 0of 225/55R 16 to manufacture a test
tire of Example 2-2-1. The test tire comprises a carcass
composed of two carcass plies extending toroidally between
a pair of left-and-right bead cores as a skeleton, two belts
(material: steel) arranged crossing each other at angles of
+40° with respect to the tire circumferential direction on the
outside of the carcass in the tire radial direction.

Example 2-2-2

Atest tire of Example 2-2-2 was manufactured in a similar
manner to Example 2-2-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-2) listed on the above-mentioned Table was used.
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Comparative Example 2-2-1

A test tire of Comparative Example 2-2-1 was manufac-
tured in a similar manner to Example 2-2-1 except that a
similar polyester filament to that in Comparative Example
2-1-1 was used.

Comparative Example 2-2-2

A test tire of Comparative Example 2-2-2 was manufac-
tured in a similar manner to Example 2-2-1 except that a
similar adhesive agent composition to that in Comparative
Example 2-1-2 was used.

Comparative Example 2-2-3

A test tire of Comparative Example 2-2-3 was manufac-
tured in a similar manner to Example 2-2-1 except that a
similar polyester filament to that in Comparative Example
2-1-3 was used.

For each obtained test tire, the dynamic adhesive property
was evaluated in the same manner as above (Comparative
Example 2-2-1 was used as a standard), and at the same
time, the high-speed drum durability when a camber angle
is provided was evaluated in accordance with the following.
The obtained results are listed on the Table below.
<High-Speed Drum Durability (when Camber Angle was
Provided)>

To each test tire, 200% load which is the maximum load
condition in JATMA was applied, the tire was allowed to
travel on a drum when camber angle 4.0° was provided, and
then, the travel distance until failure of the tire occurred was
expressed as an index setting the distance in Comparative
Example 2-2-1 to 100. The larger the value, the better the
result. At the same time, breaking pattern was observed at
the time of failure.
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TABLE 7
Comparative Comparative Comparative
Example Example Example Example Example Example
2-2-1 2-2-2 2-2-3 2-2-1 2-2-2 2-2-3

Cord structure 1670/2 1670/2 1670/2 1670/2 1670/2 1670/2
(dtex/cord)
Presence or absence of Present Present Present Absent Present Present
Surface treatment of
polyester filament
The amount of carboxy High High High Low High Low
group terminal
Adhesive agent (1-1) (1-2) (1-3) (1-1) (1-4) (1-1)
composition
The number of twist 40 x 40 40 x 40 40 x 40 40 x 40 40 x 40 40 x 40
(/10 cm)
Dynamic adhesive 165 170 160 100 85 105
property (index)
High-speed drum 160 160 160 100 90 104
durability (index)
High-speed drum Tread Tread Tread Shoulder Shoulder Shoulder
breaking pattern failure failure failure failure failure failure

As shown in the above-mentioned Table, it was confirmed
that, in the tire of Example, breaking of the shoulder portion
was prevented, thereby improving the high-speed drum
durability.

Example 2-3-1

After forming a cord by twisting the polyester filament
obtained in a similar manner to Example 2-1-1 in accor-
dance with the conditions listed on the Table below, the cord
was subjected to an adhesive agent treatment by using a
similar epoxy adhesive agent composition (1-1) to that used
in Example 2-1-1. Subsequently, an adhesive agent treat-
ment was further performed on the cord with an RFL-based
adhesive agent composition to obtain a tire reinforcing
polyester cord.

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to an insert of
a tire having a tire size of 245/45R19 to manufacture a test
tire of Example 2-3-1. The test tire comprises a carcass
composed of two carcass plies (material: PET) extending
toroidally between a pair of left-and-right bead cores as a
skeleton, two belts (material: steel) arranged crossing each
other at angles of +40° with respect to the tire circumfer-
ential direction on the outside of the carcass in the tire radial
direction. The insert was arranged on the outside of the
carcass ply at a bead portion.

Example 2-3-2

Atest tire of Example 2-3-2 was manufactured in a similar
manner to Example 2-3-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-2) listed on the above-mentioned Table was used.

Example 2-3-3

Atest tire of Example 2-3-3 was manufactured in a similar
manner to Example 2-3-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-3) listed on the above-mentioned Table was used.
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Comparative Example 2-3-1

A test tire of Comparative Example 2-3-1 was manufac-
tured in a similar manner to Example 2-3-1 except that a
similar polyester filament to that in Comparative Example
2-1-1 was used.

Comparative Example 2-3-2

A test tire of Comparative Example 2-3-2 was manufac-
tured in a similar manner to Example 2-3-1 except that a
similar adhesive agent composition to that in Comparative
Example 2-1-2 was used.

Comparative Example 2-3-3

A test tire of Comparative Example 2-3-3 was manufac-
tured in a similar manner to Example 2-3-1 except that a
similar polyester filament to that in Comparative Example
2-1-3 was used.

For each obtained test tire, the dynamic adhesive property
was evaluated in the same manner as above (Comparative
Example 2-3-1 was used as a standard), and at the same
time, the bead portion durability drum test was performed in
accordance with the following. The obtained results are
listed on the Table below.

<Bead Portion Durability Drum Test>

Each test tire was allowed to travel on a drum under a high
inner pressure and high load condition, under an inner
pressure of 400 kPa and an load of 5.0 kN, and the durability
was evaluated by the travel distance until the failure of a
bead portion occurred. The result was expressed as an index
setting the distance of Comparative Example 2-3-1 to 100.
The larger the value, the better the result. At the same time,
breaking pattern was observed at the time of failure. When
the adhesive strength of the insert member is low, separation
at a adhesion portion occurs first, thereby reducing the drum
travel distance. On the other hand, when the adhesive
strength of the insert member is high, a failure nuclei is
changed to a turn-up portion of the carcass ply, thereby
improving drum travel distance.
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TABLE 8
Comparative  Comparative Comparative
Example Example Example Example Example Example

2-3-1 2-3-2 2-3-3 2-3-1 2-3-2 2-3-3
Cord structure 1100/2 1100/2 1100/2 1100/2 1100/2 1100/2
(dtex/cord)
The amount of High High High Low High Low
carboxy group
terminal
Presence or absence Present Present Present Absent Present Present
of Surface
treatment of
polyester filament
Adhesive agent (1-1) (1-2) (1-3) (1-1) (1-4) (1-1)
composition
The number of 30 x 30 30 x 30 30 x 30 30 x 30 30 x 30 30 x 30
twist (/10 cm)
Dynamic adhesive 165 170 160 100 85 105
property (index)
Bead portion 160 160 160 100 90 104
durability drum
(index)
Bead portion Bead Bead Bead Insert portion Insert Insert
durability drum portion portion portion separation portion portion
breaking pattern failure failure failure failure separation separation

failure failure
25

As shown in the above-mentioned Table, it was confirmed
that, in a tire of the Example, the occurrence of failure
originating from separation of an insert is effectively inhib-
ited, thereby improving the durability.

From the above-mentioned results, it was confirmed that,
compared with a conventional polyester cord, a polyester
cord of the present invention had an excellent heat resistant
adhesive property with rubber, and that, by using the cord,
a tire whose durability was improved can be attained.

Example 3-1

After forming a cord by twisting a polyester filament
composed of the polyester fiber obtained in a similar manner
to Example 1-1 in accordance with the conditions listed on
the Table below, the cord was subjected to an adhesive agent
treatment by using the above-mentioned epoxy-based adhe-
sive agent composition (1-1). Subsequently, an adhesive
agent treatment was further performed on the cord with an
RFL-based adhesive agent composition to obtain a tire
reinforcing polyester cord.

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a carcass ply
of'a tire having a tire size 0of 225/55R 16 to manufacture a test
tire of Example 3-1. The test tire comprises a carcass
composed of two carcass plies extending toroidally between
a pair of left-and-right bead cores as a skeleton, two belts
(material: steel) arranged crossing each other at angles of
+40° with respect to the tire circumferential direction on the
outside of the carcass in the tire radial direction.

Example 3-2
A test tire of Example 3-2 was manufactured in a similar
manner to Example 3-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-2) listed on the above-mentioned Table was used.

Example 3-3

A test tire of Example 3-3 was manufactured in a similar
manner to Example 3-1 except that, as an adhesive agent
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composition, an epoxy-based adhesive agent composition
(1-3) listed on the above-mentioned Table was used.

Comparative Example 3-1

A test tire of Comparative Example 3-1 was manufactured
in a similar manner to Example 3-1 except that, after
forming a cord by twisting a polyester filament composed of
a similar polyester fiber to Comparative Example 1-1-1 in
accordance with the conditions listed on the Table below, an
adhesive agent treatment was performed using adhesive
agent liquids (1-4) on the cord in a step illustrated in FIG.
11.

Comparative Example 3-2

A test tire of Comparative Example 3-2 was manufactured
in a similar manner to Example 3-1 except that, after
forming a cord by twisting a similar polyester filament to
that used in Example 3-1, an adhesive agent treatment was
performed on the cord using a similar adhesive agent
composition to that used in Comparative Example 3-1.

Comparative Example 3-3

A test tire of Comparative Example 3-3 was manufactured
in a similar manner to Example 3-1 except that, after
forming a cord by twisting a similar polyester filament to
that used in Comparative Example 3-1, an adhesive agent
treatment was performed on the cord using a similar adhe-
sive agent composition to that used in Example 3-1, and an
adhesive agent treatment was further performed on the cord
using an RFL-based adhesive agent composition.

Comparative Example 3-4

A test tire of Comparative Example 3-4 was manufactured
in a similar manner to Example 3-1 except that a similar
polyester filament composed of polyester fiber to that of
Comparative Example 1-1-2 was used.
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Examples 3-4 to 3-10

Test tires of Examples 3-4 to 3-10 were manufactured in
a similar manner to Example 3-1 except that the conditions
of the polyester cord were changed as listed on the Table
below.

For each obtained test tire, the high-speed drum durabil-
ity, irregularity on a side portion, the bead portion drum
durability and the cut performance when a camber angle is
provided were evaluated in accordance with the following.
The obtained results are listed on the Table below in
combination.
<High-Speed Drum Durability (when Camber Angle was
Provided)>

To each test tire, 200% load which is the maximum load
condition in JATMA was applied, the tire was allowed to
travel on a drum when camber angle 4.0° was provided, and
then, the travel distance until failure of the tire occurred was
expressed as an index setting the distance in Comparative
Example 3-4 to 100. The larger the value, the better the
result. At the same time, breaking pattern was observed at
the time of failure.
<Irregularity of Side Portion>

For each test tire, a hollow was evaluated by measuring
the irregularity of tire side portion using a laser when the
inner pressure was 180 kPa and digitizing the peak values.
The results were expressed as indices setting the value in
Comparative Example 3-4 to 100. The larger the value, the
larger the hollow, which is a bad result.
<Bead Portion Durability Drum Test>

Each test tire was allowed to travel on a drum under a high
inner pressure and high load condition, under an inner
pressure of 400 kPa and an load of 5.0 kN, and the durability
was evaluated by the travel distance until the failure of a
bead portion occurred. The result was expressed as an index
setting the distance of Comparative Example 3-4 to 100. The
larger the value, the better the result.
<Cut Performance>

Each test tire was mounted to a prescribed rim, and the tire
is inflated to a prescribed inner pressure. Thereafter, a
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convex protrusion, the tip of which had a radius of curvature
of R=10 (mm), was pressed on the side portion to measure
a work required for the side portion to be cut. The results
were indicated as an index setting the work required for side
cut of the tire of the Comparative Example 3-4 to 100. The
larger the value, the better the side cut performance.

TABLE 9
Compar- Compar- Compar- Compar-
ative ative ative ative

Exam- Exam- Exam- Exam-

ple 3-1 ple 3-2 ple 3-3 ple 3-4
Cord structure 1100/2 1100/2 1100/2 1100/2
(dtex/cord)
The amount of carboxy Low High Low Low
group terminal
Presence or absence Absent Present Absent Present
of Surface treatment
of polyester filament
Adhesive agent (1-4) (1-4) (1-1) (1-1)
composition
The number of twist 50 x 50 50 x 50 50 x 50 50 x 50
(/10 cm)
Twisting coefficient 0.50 0.50 0.50 0.50
Nt(—)
High-speed drum 80 85 20 100
durability (index)
High-speed drum Carcass Carcass Carcass Carcass
breaking pattern separation separation separation separation
Side irregularity 100 100 100 100
(index)
Bead portion drum 100 100 100 100
durability (index)
Cut performance 100 100 100 100
(index)

TABLE 10

Example 3-1 Example 3-2 Example 3-3 Example 3-4 Example 3-5

Cord structure (dtex/cord) 1100/2 110072 110072 110072 110072

The amount of carboxy High High High High High

group terminal

Presence or absence of Present Present Present Present Present

Surface treatment of

polyester filament

Adhesive agent composition (1-1) (1-2) (1-3) (1-1) (1-1)

The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 38 x 38 56 x 56

Twisting coefficient Nt(—) 0.50 0.50 0.50 0.38 0.55

High-speed drum 165 180 162 110 105

durability (index)

High-speed drum No carcass  No carcass  No carcass  No carcass  No carcass

breaking pattern separation separation separation separation separation

Side irregularity (index) 100 100 100 100 100

Bead portion drum 100 100 100 90 100

durability (index)

Cut performance (index) 100 100 100 103 95
TABLE 11

Example 3-6 Example 3-7 Example 3-8 Example 3-9 Example 3-10

Cord structure (dtex/cord)
The amount of carboxy
group terminal

1100/2
High

1100/2
High

940/2
High

2200/3
High

1670/3
High
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TABLE 11-continued

56

Example 3-6 Example 3-7 Example 3-8 Example 3-9 Example 3-10

Presence or absence of Present Present Present
Surface treatment of

polyester filament

Adhesive agent composition (1-1) (1-1) (1-1)
The number of twist (/10 cm) 42 x 42 54 x 54 54 x 54
Twisting coeflicient Nt(—) 0.42 0.54 0.50
High-speed drum 165 160 150
durability (index)

High-speed drum No carcass  No carcass  No carcass
breaking pattern separation separation separation
Side irregularity (index) 100 100 100
Bead portion drum 100 103 100
durability (index)

Cut performance (index) 100 100 95

Present Present
(1-1) 1-1
29 x 29 33 x 33

0.50 0.50
150 158
No carcass No carcass
separation separation
106 100
100 100
100 100

As shown in the above-mentioned Table, it was confirmed
that, in a test tire of each of the Examples, the occurrence of
delamination fracture of a carcass ply was inhibited in a
high-speed durability performance test when camber angle
was provided without compromising other performances,
thereby improving the high-speed durability performance.

Example 4-1

After forming a cord by twisting a polyester filament
composed of the polyester fiber obtained in a similar manner
to Example 1-1 in accordance with the conditions listed on
the Table below, the cord was subjected to an adhesive agent
treatment by using the above-mentioned epoxy-based adhe-
sive agent composition (1-1). Subsequently, an adhesive
agent treatment was further performed on the cord with an
RFL-based adhesive agent composition to obtain a tire
reinforcing polyester cord.

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a carcass ply
of a run-flat tire having a tire size of 245/45R19 to manu-
facture a test tire of Example 4-1. The test tire comprises a
pair of left-and-right bead portions, a pair of side wall
portions each continuing from the bead portion to the
outside in the tire radial direction, a tread portion bridging
between the pair of side wall portions to form a contacting
portion, and further comprising a carcass composed of two
carcass plies extending toroidally between the pair of bead
portions to reinforce each of these portions, and a side
reinforcing rubber layer having a crescent shaped cross-
section arranged inside the carcass at the side wall portion,
wherein the carcass ply is composed of the reinforcing
member. The test tire comprised, on the outside in the tire
radial direction of a crown portion of the carcass, a belt
(material: steel) composed of two belt layers arranged
crossing each other at angles of +40° with respect to the tire
circumferential direction, and, one cap layer covering the
whole belt and a pair of layered layers (material: nylon)
covering only both the end portions of the belt.

Example 4-2
A test tire of Example 4-2 was manufactured in a similar
manner to Example 4-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-2) listed on the above-mentioned Table was used.

Example 4-3

A test tire of Example 4-3 was manufactured in a similar
manner to Example 4-1 except that, as an adhesive agent

20

25

30

35

40

45

50

55

60

65

composition, an epoxy-based adhesive agent composition
(1-3) listed on the above-mentioned Table was used.

Comparative Example 4-1

A test tire of Comparative Example 4-1 was manufactured
in a similar manner to Example 4-1 except that, after
forming a cord by twisting a polyester filament composed of
a similar polyester fiber to Comparative Example 1-1-1 in
accordance with the conditions listed on the Table below, an
adhesive agent treatment was performed using adhesive
agent liquids (1-4) on the cord in a step illustrated in FIG.
11.

Comparative Example 4-2

A test tire of Comparative Example 4-2 was manufactured
in a similar manner to Example 4-1 except that, after
forming a cord by twisting a similar polyester filament to
that used in Example 4-1, an adhesive agent treatment was
performed on the cord using a similar adhesive agent
composition to that used in Comparative Example 4-1.

Comparative Example 4-3

A test tire of Comparative Example 4-3 was manufactured
in a similar manner to Comparative Example 4-1 except that,
after forming a cord by twisting a similar polyester filament
to that used in Comparative Example 4-1, an adhesive agent
treatment was performed on the cord using a similar adhe-
sive agent composition to that used in Example 4-1, and an
adhesive agent treatment was further performed on the cord
using an RFL-based adhesive agent composition.

Comparative Example 4-4

A test tire of Comparative Example 4-4 was manufactured
in a similar manner to Example 4-1 except that a similar
polyester filament composed of polyester fiber to that of
Comparative Example 1-1-2 was used.

Examples 4-4 to 4-10

Test tires of Examples 4-4 to 4-10 were manufactured in
a similar manner to Example 4-1 except that the conditions
of the polyester cord were changed as listed on the Table
below.

For each obtained test tire, the run-flat drum durability,
irregularity on a side portion, the bead portion drum dura-
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bility and the cut performance were evaluated in accordance
with the following. The obtained results are listed on the
Table below in combination.
<Run-Flat Drum Durability>

Without inflating each test tire to an inner pressure, the
tire was allowed to travel on a drum under conditions, a load
0of'4.17 kN, a speed of 89 km/h, and a temperature of 38° C.,
and then, the travel distance until failure of the tire occurred
was measured and expressed as an index setting the distance
in Comparative Example 4-4 to 100. The larger the index
value, the longer the travel distance until failure of the tire
occurred, which means an excellent run-flat durability. At
the same time, breaking pattern was observed at the time of
failure.
<Irregularity of Side Portion>

For each test tire, a hollow was evaluated by measuring
the irregularity of tire side portion using a laser when the
inner pressure was 180 kPa and digitizing the peak values.
The results were expressed as indices setting the value in
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Comparative Example 4-4 to 100. The larger the value, the
larger the hollow, which is a bad result.
<Bead Portion Durability Drum Test>

Each test tire was allowed to travel on a drum under a high
inner pressure and high load condition, under an inner
pressure of 400 kPa and an load of 5.0 kN, and the durability
was evaluated by the travel distance until the failure of a
bead portion occurred. The result was expressed as an index
setting the distance of Comparative Example 4-4 to 100. The
larger the value, the better the result.
<Cut Performance>

Each test tire was mounted to a prescribed rim, and the tire
is inflated to a prescribed inner pressure. Thereafter, a
convex protrusion, the tip of which had a radius of curvature
of R=10 (mm), was pressed on the side portion to measure
a work required for the side portion to be cut. The results
were indicated as an index setting the work required for side
cut of the tire of the Comparative Example 4-4 to 100. The
larger the value, the better the side cut performance.

TABLE 12

Comparative Comparative Comparative Comparative
Example 4-1 Example 4-2 Example 4-3 Example 4-4

Cord structure (dtex/cord) 110072 110072 110072 110072
The amount of carboxy Low High Low Low
group terminal
Presence or absence of Absent Present Absent Present
Surface treatment of
polyester filament
Adhesive agent composition (1-4) (1-4) (1-1) (1-1)
The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 50 x 50
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.50
Run-flat durability (index) 80 85 90 100
Run-flat durability Carcass Carcass Carcass Carcass
breaking pattern separation separation separation separation
Side irregularity (index) 100 100 100 100
Bead portion drum 100 100 100 100
durability (index)
Cut performance (index) 100 100 100 100
TABLE 13
Example 4-1 Example 4-2 Example 4-3 Example 4-4 Example 4-5
Cord structure (dtex/cord) 1100/2 1100/2 1100/2 1100/2 1100/2
The amount of carboxy High High High High High
group terminal
Presence or absence of Present Present Present Present Present
Surface treatment of
polyester filament
Adhesive agent composition (1-1) (1-2) (1-3) (1-1) (1-1)
The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 38 x 38 56 x 56
Twisting coefficient Nt(—) 0.50 0.50 0.50 0.38 0.56
Run-flat durability (index) 165 180 162 165 158
Run-flat durability No carcass  No carcass  No carcass  No carcass  No carcass
breaking pattern separation separation separation separation separation
Side irregularity (index) 100 100 100 100 100
Bead portion drum 100 100 100 90 100
durability (index)
Cut performance (index) 100 100 100 103 95
TABLE 14

Example 4-6 Example 4-7 Example 4-8 Example 4-9 Example 4-10

Cord structure (dtex/cord)
The amount of carboxy
group terminal

Presence or absence of
Surface treatment of
polyester filament

110072 110072 940/2 2200/3 1670/3
High High High High High
Present Present Present Present Present



US 9,463,669 B2

59
TABLE 14-continued
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Example 4-6 Example 4-7 Example 4-8 Example 4-9 Example 4-10

Adhesive agent composition (1-1) (1-1) (1-1)

The number of twist (/10 cm) 42 x 42 54 x 54 54 x 54
Twisting coeflicient Nt(—) 0.42 0.54 0.50
Run-flat durability (index) 165 160 150
Run-flat durability No carcass  No carcass  No carcass
breaking pattern separation separation separation
Side irregularity (index) 100 100 100
Bead portion drum 100 103 100
durability (index)

Cut performance (index) 100 100 95

(1-1)

a-1

As shown in the above-mentioned Table, it was confirmed
that, in a test tire of each of the Examples, the occurrence of
delamination fracture of a carcass ply was inhibited without
compromising other performances, thereby improving the
run-flat durability performance.

Example 5-1

After forming a cord by twisting a polyester filament
composed of the polyester fiber obtained in a similar manner
to Example 1-1 in accordance with the conditions listed on
the Table below, the cord was subjected to an adhesive agent
treatment by using the above-mentioned epoxy-based adhe-
sive agent composition (1-1). Subsequently, an adhesive
agent treatment was further performed on the cord with an
RFL-based adhesive agent composition to obtain a tire
reinforcing polyester cord.

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a reinforcing
cord layer of a run-flat tire having a tire size of 245/45R19
to manufacture a test tire of Example 5-1. The test tire
comprises a pair of left-and-right bead portions, a pair of
side wall portions each continuing from the bead portion to
the outside in the tire radial direction, a tread portion
bridging between the pair of side wall portions to form a
contacting portion, and further comprising a carcass com-
posed of two carcass plies (material: rayon) extending
toroidally between the pair of bead portions to reinforce
each of these portions, and a side reinforcing rubber layer
having a crescent shaped cross-section arranged inside the
carcass at the side wall portion, wherein the carcass ply is
composed of the reinforcing member. The test tire com-
prised, on the outside in the tire radial direction of a crown
portion of the carcass, a belt (material: steel) composed of
two belt layers arranged crossing each other at angles of
+40° with respect to the tire circumferential direction, and,
one cap layer covering the whole belt and a pair of layered
layers (material: nylon) covering only both the end portions
of the belt. The cord angle of the reinforcing cord layer was
0° with respect to the tire radial direction, and the reinforc-
ing cord layer was arranged at a position illustrated in FIG.

Example 5-2
A test tire of Example 5-2 was manufactured in a similar
manner to Example 5-1 except that, as an adhesive agent
composition, an epoxy-based adhesive agent composition
(1-2) listed on the above-mentioned Table was used.

Example 5-3

A test tire of Example 5-3 was manufactured in a similar
manner to Example 5-1 except that, as an adhesive agent

29 x 29 33 x33
0.50 0.50
150 160
No carcass No carcass
separation separation
106 100
100 100
100 100
15 composition, an epoxy-based adhesive agent composition
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(1-3) listed on the above-mentioned Table was used.
Comparative Example 5-1

A test tire of Comparative Example 5-1 was manufactured
in a similar manner to Example 5-1 except that, after
forming a cord by twisting a polyester filament composed of
a similar polyester fiber to Comparative Example 1-1-1 in
accordance with the conditions listed on the Table below, an
adhesive agent treatment was performed using adhesive
agent liquids (1-4) on the cord in a step illustrated in FIG.
11.

Comparative Example 5-2

A test tire of Comparative Example 5-2 was manufactured
in a similar manner to Example 5-1 except that, after
forming a cord by twisting a similar polyester filament to
that used in Example 5-1, an adhesive agent treatment was
performed on the cord using a similar adhesive agent
composition to that used in Comparative Example 5-1.

Comparative Example 5-3

A test tire of Comparative Example 5-3 was manufactured
in a similar manner to Comparative Example 5-1 except that,
after forming a cord by twisting a similar polyester filament
to that used in Comparative Example 5-1, an adhesive agent
treatment was performed on the cord using a similar adhe-
sive agent composition to that used in Example 5-1, and an
adhesive agent treatment was further performed on the cord
using an RFL-based adhesive agent composition.

Comparative Example 5-4

A test tire of Comparative Example 5-4 was manufactured
in a similar manner to Example 5-1 except that a similar
polyester filament composed of polyester fiber to that of
Comparative Example 1-1-2 was used.

Examples 5-4 to 5-10

Test tires of Examples 5-4 to 5-10 were manufactured in
a similar manner to Example 5-1 except that the conditions
of the polyester cord were changed as listed on the Table
below.

Example 5-11

A test tire of Example 5-11 was manufactured in a similar
manner to Example 5-1 except that the cord angle of the
reinforcing cord layer was 30° with respect to the tire radial
direction.
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For each obtained test tire, the riding comfort, the run-flat
drum durability, irregularity on a side portion and the cut
performance were evaluated in accordance with the follow-
ing. The obtained results are listed on the Table below in
combination.
<Riding Comfort>

Each test tire was inflated to an inner pressure of 230 kPa,
the load-distortion curve was determined, and a vertical
spring constant with respect to the load was calculated by the
slope of a tangent on the obtained load-distortion curve at a
certain load. The results were expressed as indices setting
the value of vertical spring constant of the tire in Compara-
tive Example 5-4 to 100. The larger the index value, the
larger the vertical spring constant, which means bad riding
comfort.
<Run-Flat Drum Durability>

Without inflating each test tire to an inner pressure, the
tire was allowed to travel on a drum under conditions, a load
0of'4.17 kN, a speed of 89 km/h, and a temperature of 38° C.,
and then, the travel distance until failure of the tire occurred
was measured and expressed as an index setting the distance
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in Comparative Example 5-4 to 100. The larger the index
value, the longer the travel distance until failure of the tire
occurred, which means an excellent run-flat durability. At
the same time, breaking pattern was observed at the time of
failure.
<Irregularity of Side Portion>

For each test tire, a hollow was evaluated by measuring
the irregularity of tire side portion using a laser when the
inner pressure was 180 kPa and digitizing the peak values.
The results were expressed as indices setting the value in
Comparative Example 5-4 to 100. The larger the value, the
larger the hollow, which is a bad result.
<Cut Performance>

Each test tire was mounted to a prescribed rim, and the tire
is inflated to a prescribed inner pressure. Thereafter, a
convex protrusion, the tip of which had a radius of curvature
of R=10 (mm), was pressed on the side portion to measure
a work required for the side portion to be cut. The results
were indicated as an index setting the work required for side
cut of the tire of the Comparative Example 5-4 to 100. The
larger the value, the better the side cut performance.

TABLE 15

Comparative Comparative Comparative Comparative
Example 5-1 Example 5-2 Example 5-3 Example 5-4

Cord structure (dtex/cord) 110072 110072 110072 110072
The amount of carboxy Low High Low Low
group terminal
Presence or absence of Absent Present Absent Present
Surface treatment of
polyester filament
Adhesive agent composition (1-4) (1-4) (1-1) (1-1)
The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 50 x 50
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.50
Cord angle of reinforcing 0 0 0 0
cord layer(®)
Riding comfort (index) 100 100 100 100
Run-flat durability (index) 80 85 90 100
Run-flat durability Reinforcing Reinforcing Reinforcing Reinforcing
breaking pattern cord layer cord layer cord layer cord layer
separation separation separation separation
Side irregularity (index) 100 100 100 100
Cut performance (index) 100 100 100 100
TABLE 16
Example Example Example Example Example Example
5-1 5-2 5-3 5-4 5-5 5-6
Cord structure 1100/2 1100/2 1100/2 1100/2 1100/2 1100/2
(dtex/cord)
The amount of carboxy High High High High High High
group terminal
Presence or absence of Present Present Present Present Present Present
Surface treatment of
polyester filament
Adhesive agent (1-1) (1-2) (1-3) (1-1) (1-1) (1-1)
composition
The number of twist 50 x 50 50 x 50 50 x 50 18 x 18 59 x 59 22 x 22
(/10 cm)
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.18 0.59 0.22
Cord angle of reinforcing 0 0 0 0 0 0
cord layer(®)
Riding comfort (index) 100 100 100 100 100 100
Run-flat durability 165 180 162 142 147 165
(index)
Run-flat durability No No No No No No
breaking pattern reinforcing  reinforcing  reinforcing  reinforcing  reinforcing  reinforcing
cord layer cord layer cord layer cord layer cord layer cord layer
separation separation separation separation separation separation
Side irregularity (index) 100 100 100 100 100 100
Cut performance (index) 100 100 100 100 98 100
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TABLE 17

Example 5-7 Example 5-8 Example 5-9 Example 5-10

Cord structure (dtex/cord) 110072 940/2 2200/3
The amount of carboxy High High High
group terminal

Presence or absence of Present Present Present
Surface treatment of

polyester filament

Adhesive agent composition (1-1) (1-1) (1-1)
The number of twist (/10 cm) 54 x 54 54 x 54 29 x 29
Twisting coeflicient Nt(—) 0.54 0.50 0.50

Cord angle of reinforcing 0 0 0
cord layer(®)

Riding comfort (index) 100 100 100

Run-flat durability (index) 160 150 150

Run-flat durability No No No

breaking pattern reinforcing  reinforcing  reinforcing
cord layer cord layer cord layer
separation separation separation

Side irregularity (index) 100 100 106

Cut performance (index) 100 95 100

Example 5-11
1670/3 1100/2
High High
Present Present
(1-1) a-1
33 x 33 50 x 50
0.50 0.50
0 30
100 110
160 165
No No
reinforcing reinforcing
cord layer cord layer
separation separation
100 100
100 100

As shown in the above-mentioned Table, it was confirmed
that, in a test tire of each of the Examples, the occurrence of
delamination fracture of a reinforcing cord layer was inhib-
ited without compromising other performances, thereby
improving the run-flat durability performance.

Example 6-1-1
Preparation of Adhesive Agent Composition

An RFL adhesive agent liquid (2-1) was prepared by the
formulation listed on the Table below, and the adhesive
agent liquid was diluted and adjusted such that 20% by mass
of an aqueous adhesive agent liquid in the above-mentioned
ratio was obtained. The blocked isocyanate compound was
added after an RFL adhesive agent liquid was mixed and
aged at 20° C. for 24 hours, immediately before use. The
blocked isocyanate compound used was manufactured by
Dai-ichi Kogyo Seiyaku Co., Ltd.: ELASTRON BN69
(blocking agent dissociating temperature 120° C.) and BN27
(blocking agent dissociating temperature 180° C.). Latex
was experimentally made by emulsion polymerization.

30

After forming a cord by twisting a polyester filament
composed of the polyester fiber obtained in a similar manner
to Example 1-1 in accordance with the conditions listed on

25 the Table below, the cord was subjected to an adhesive agent

treatment in a step illustrated in FIG. 11 by using an adhesive
agent liquid (2-1) on the cord to obtain a tire reinforcing
polyester cord.

The obtained polyester cord for reinforcing tire was
rubberized, a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a cap layer
and a layered layer of a tire having a tire size of 205/65R15
to manufacture a test tire of Example 6-1-1. The test tire

35 comprises a carcass composed of one carcass ply (material:

PET) extending toroidally between a pair of left-and-right
bead cores as a skeleton, two belts (material: steel) arranged
crossing each other at angles of +40° with respect to the tire
circumferential direction on the outside of the carcass in the
tire radial direction, a cap layer arranged across the full
width of a belt or more, and a layered layer belt arranged on
both end portions of the belt.

40

TABLE 18
Adhesive agent liquid
2-1) (2-2) (2-3) 2-4)
Adhesive agent Resorcin 8 16 16 8
liquid Formaldehyde 4 8 8 4
formulation Latex 100 100 100 100
(mass ratio) Catalyst Caustic soda 0 0 0 0
Ammonia 4 2 2 4
Blocked isocyanate compound 80 30 50 6
Catalyst/resorcin (molar ratio) 3.2 0.8 0.8 32
Isocyanate compound ratio in adhesive agent 41 19 28 5
(% by mass)
Rubber latex Core ratio 70 70 0 0
composition Core vinylpyridine 10 10 0 0
(% by mass) Core styrene 55 55 0 0
Core butadiene 35 35 0 0
Shell ratio 30 30 100 100
Shell vinylpyridine 15 15 15 15
Shell styrene 15 15 15 15
Shell butadiene 70 70 70 70
Isocyanate Blocking agent dissociating 180 180 180 180
compound temperature (° C.)
Drying temperature (° C.) 180 180 180 180
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Example 6-1-2

Atest tire of Example 6-1-2 was manufactured in a similar
manner to Example 6-1-1 except that, as an adhesive agent
composition, an adhesive agent liquid (2-2) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

5

66
similar polyester filament composed of polyester fiber to that
of Comparative Example 1-1-2 was used.

For each obtained test tire, the dynamic adhesive property
and the high-speed drum durability were evaluated in accor-
dance with the following. The obtained results are listed on
the Table below.
<Dynamic Adhesive Property>

The dynamic adhesive strength was evaluated in a similar

10
Example 6-1-3 manner as above. The results were expressed as indices
setting the distance in Comparative Example 6-1-1 to 100.
. . . The 1 the value, th llent the d; ic adhe-
Atest tire of Example 6-1-3 was manufactured in a similar . ¢ larger the Vi.u;’ . e mfre ez(ce ent the dynamuc adhe
manner to Bxample 6-1-1 except that, as an adhesive agent . stve property, which is preferred.
composition, an adhesive agent liquid (2-3) prepared in a <High-Speed Drum Durability>
51.m11ar manner to the above-mentioned adhesive agent lig- To each test tire, 200% load which is the maximum load
uid (2-1) was used. condition in JATMA was applied, the tire was allowed to
travel on a drum, and then, the travel distance until failure
Comparative Example 6-1-1 20 of the tire occurred was expressed as an index setting the
distance in Comparative Example 6-1-1 to 100. The larger
A test tire of Comparative Examp]e 6-1-1 was manufac- the value, the better the result. At the same time, breaking
tured in a similar manner to Example 6-1-1 except that a pattern was observed at the time of failure.
TABLE 19
Comparative Comparative Comparative
Example Example Example Example Example Example
6-1-1 6-1-2 6-1-3 6-1-1 6-1-2 6-1-3
Cord structure 1100/2 1100/2 1100/2 1100/2 1100/2 1100/2
(dtex/cord)
The amount of High High High Low High Low
carboxy group
terminal
Presence or absence of ~ Present Present Present Absent Present Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-1) (2-2) (2-3) (2-1) (2-4) (2-1)
composition
The number of twist 30 x 30 30 x 30 30 x 30 30 x 30 30 x 30 30 x 30
(/10 cm)
Dynamic adhesive 170 160 165 100 85 105
property (index)
High-speed drum 160 160 160 100 90 105
durability (index)
High-speed drum Chunk in Chunk Chunk  Separation failure Separation failure Separation failure
breaking pattern tread in tread in tread  between cap layer between cap layer between cap layer
rubber rubber rubber and tread over and tread over and tread over
the entire the entire the entire
circumference circumference circumference
similar polyester filament composed of polyester fiber to that As shown in the above-mentioned Table, it was confirmed
of Comparative Example 1-1-1 was used. that, in the tire of the Example, the occurrence of failure
originating from the cap layer or the layered layer was
Comparative Example 6-1-2 55 effectively inhibited, thereby improving the high-speed
drum durability.
A test tire of Comparative Example 6-1-2 was manufac-
: . Example 6-2-1
tured in a similar manner to Example 6-1-1 except that, as
an adhesive agent composition, an adhesive agent liquid . .
(2-4) prepared in a similar manner to the above-mentioned 60 bAfter(i f,OImma‘,% a.lcord by twisting the lpolyester. filament
adhesive agent liquid (2-1) was used. obtaine Lin a similar manner to Example 6-1-1 in accor-
dance with the conditions listed on the Table below, the cord
) was subjected to an adhesive agent treatment by using a
Comparative Example 6-1-3 similar adhesive agent liquid (2-1) to that used in Example
65 6-1-1 to obtain a tire reinforcing polyester cord.

A test tire of Comparative Example 6-1-3 was manufac-
tured in a similar manner to Example 6-1-1 except that a

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
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manufactured, and then the treat was applied to a carcass ply
of'a tire having a tire size 0of 225/55R 16 to manufacture a test
tire of Example 6-2-1. The test tire comprises a carcass
composed of one carcass plies extending toroidally between
a pair of left-and-right bead cores as a skeleton, two belts
(material: steel) arranged crossing each other at angles of
+40° with respect to the tire circumferential direction on the
outside of the carcass in the tire radial direction.

Example 6-2-2

Atest tire of Example 6-2-2 was manufactured in a similar
manner to Example 6-2-1 except that, as an adhesive agent
composition, an adhesive agent liquid (2-2) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

Example 6-2-3

Atest tire of Example 6-2-3 was manufactured in a similar
manner to Example 6-2-1 except that, as an adhesive agent

68

similar polyester filament composed of polyester fiber to that
of Comparative Example 6-1-3 was used.

For each obtained test tire, the dynamic adhesive
property was evaluated in the same manner as above (Com-
parative Example 6-2-1 was used as a standard), and at
the same time, the high-speed drum durability when a
camber angle is provided was evaluated in accordance with
the following. The obtained results are listed on the Table

composition, an adhesive agent liquid (2-3) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

Comparative Example 6-2-1

A test tire of Comparative Example 6-2-1 was manufac-
tured in a similar manner to Example 6-2-1 except that a
similar polyester filament composed of polyester fiber to that
of Comparative Example 6-1-1 was used.

Comparative Example 6-2-2

A test tire of Comparative Example 6-2-2 was manufac-
tured in a similar manner to Example 6-2-1 except that, as
an adhesive agent composition, an adhesive agent liquid
(2-4) prepared in a similar manner to the above-mentioned
adhesive agent liquid (2-1) was used.

Comparative Example 6-2-3

10 pelow.
<High-Speed Drum Durability (when Camber Angle was
Provided)>
To each test tire, 200% load which is the maximum load
15 condition in JATMA was applied, the tire was allowed to
travel on a drum when camber angle 4.0° was provided, and
then, the travel distance until failure of the tire occurred was
expressed as an index setting the distance in Comparative
20 Example 6-2-1 to 100. The larger the value, the better the
result. At the same time, breaking pattern was observed at
the time of failure.
TABLE 20
Comparative Comparative Comparative
Example Example Example Example Example Example
6-2-1 6-2-2 6-2-3 6-2-1 6-2-2 6-2-3
Cord structure 1670/2 167072 1670/2 1670/2 1670/2 1670/2
(dtex/cord)
The amount of carboxy High High High Low High Low
group terminal
Presence or absence of Present Present Present Absent Present Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-1) (2-2) (2-3) (2-1) (2-4) (2-1)
composition
The number of twist 40 x 40 40 x 40 40 x 40 40 x 40 40 x 40 40 x 40
(/10 cm)
Dynamic adhesive 170 160 165 100 85 105
property (index)
High-speed drum 160 160 160 100 90 105
durability (index)
High-speed drum Tread Tread Tread Shoulder Shoulder Shoulder
breaking pattern failure failure failure failure failure failure
5 As shown in the above-mentioned Table, it was confirmed
that, in the tire of Example, breaking of the shoulder portion
was prevented, thereby improving the high-speed drum
durability.
50
Example 6-3-1
35 After forming a cord by twisting the polyester filament
obtained in a similar manner to Example 6-1-1 in accor-
dance with the conditions listed on the Table below, the cord
was subjected to an adhesive agent treatment by using a
60 similar adhesive agent liquid (2-1) to that used in Example
6-1-1 to obtain a tire reinforcing polyester cord.
The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
65 manufactured, and then the treat was applied to an insert of

A test tire of Comparative Example 6-2-3 was manufac-
tured in a similar manner to Example 6-2-1 except that a

a tire having a tire size of 245/45R19 to manufacture a test
tire of Example 6-3-1. The test tire comprises a carcass
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composed of two carcass plies (material: PET) extending
toroidally between a pair of left-and-right bead cores as a
skeleton, two belts (material: steel) arranged crossing each
other at angles of +40° with respect to the tire circumfer-
ential direction on the outside of the carcass in the tire radial
direction. The insert was arranged on the outside of the
carcass ply at a bead portion.

Example 6-3-2

70
similar polyester filament composed of polyester fiber to that
of Comparative Example 6-1-3 was used.

For each obtained test tire, the dynamic adhesive property
was evaluated in the same manner as above (Comparative
Example 6-3-1 was used as a standard), and at the same
time, the bead portion durability drum test was performed in
accordance with the following. The obtained results are

10 listed on the Table below.
Atest tire of Example 6-3-2 was manufactured in a similar <Bead Portion Durability Drum Test>
manner to Example 6'3,'1 except t.hat., as an adhesive agent Each test tire was allowed to travel on a drum under a high
composition, an adhesive agent liquid (2-2) prepared in a . . . .
similar manner to the above-mentioned adhesive agent liq- s inner pressure and high load condition, under an inner
uid (2-1) was used. pressure of 400 kPa and an load of 5.0 kN, and the durability
was evaluated by the travel distance until the failure of a
Example 6-3-3 bead portion occurred. The result was expressed as an index
. . o setting the distance of Comparative Example 6-3-1 to 100.
Atest tire of Example 6-3-3 was manufactured in a similar 20 The 1 he value. the b h It. At th .
manner to Example 6-3-1 except that, as an adhesive agent ¢ larger the value, the better the result. At the same time,
composition, an adhesive agent liquid (2-3) prepared in a breaking pattern was observed at the time of failure. When
similar manner to the above-mentioned adhesive agent liq-  the adhesive strength of the insert member is low, separation
id (2-1 d. . . .
uid (2-1) was use 55 ata adhesion portion occurs first, thereby reducing the drum
. travel distance. On the other hand, when the adhesive
Comparative Example 6-3-1 . o . o
strength of the insert member is high, a failure nuclei is
A test tire of Comparative Example 6-3-1 was manufac- changed to a turn-up portion of the carcass ply, thereby
tured in a similar manner to Example 6-3-1 except that a improving drum travel distance.
TABLE 21
Comparative Comparative Comparative
Example Example Example Example Example Example
6-3-1 6-3-2 6-3-3 6-3-1 6-3-2 6-3-3
Cord structure 1100/2 1100/2 110072 1100/2 1100/2 1100/2
(dtex/cord)
The amount of carboxy High High High Low High Low
group terminal
Presence or absence of Present Present Present Absent Present Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-1) (2-2) (2-3) (2-1) (2-4) (2-1)
composition
The number of twist 30 x 30 30 x 30 30 x 30 30 x 30 30 x 30 30 x 30
(/10 cm)
Dynamic adhesive 170 160 165 100 85 105
property (index)
Bead portion durability 160 160 160 100 90 105
drum (index)
Bead portion durability Bead Bead Bead Insert portion  Insert portion  Insert portion
drum breaking pattern portion portion portion separation separation separation
failure failure failure failure failure failure
similar polyester filament composed of polyester fiber to that As shown in the above-mentioned Table, it was confirmed
of Comparative Example 6-1-1 was used. that, in a tire of the Example, the occurrence of failure
55 originating from separation of an insert is effectively inhib-
Comparative Example 6-3-2 ited, thereby improving the durability.
From the above-mentioned results, it was confirmed that,
A test tire of Comparative Example 6-3-2 was manufac- compared with a conventional polyester cord, a polyester
tured in a similar manner to Example 6-3-1 except that, as cord of the present invention had an excellent heat resistant
an adhesive agent composition, an adhesive agent liquid 60 adhesive property with rubber, and that, by using the cord,
(2-4) prepared in a similar manner to the above-mentioned a tire whose durability was improved can be attained.
adhesive agent liquid (2-1) was used.
Example 7-1
Comparative Example 6-3-3
65  After forming a cord by twisting a polyester filament

A test tire of Comparative Example 6-3-3 was manufac-
tured in a similar manner to Example 6-3-1 except that a

composed of the polyester fiber obtained in a similar manner
to Example 1-1 in accordance with the conditions listed on
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the Table below, the cord was subjected to an adhesive agent
treatment by using an adhesive agent liquid (2-1) in a step
illustrated in FIG. 11, to obtain a tire reinforcing polyester
cord.

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a carcass ply
of'a tire having a tire size 0of 225/55R 16 to manufacture a test
tire of Example 7-1. The test tire comprises a carcass
composed of one carcass ply extending toroidally between a
pair of left-and-right bead cores as a skeleton, two belts
(material: steel) arranged crossing each other at angles of
+40° with respect to the tire circumferential direction on the
outside of the carcass in the tire radial direction.

Example 7-2

A test tire of Example 7-2 was manufactured in a similar
manner to Example 7-1 except that, as an adhesive agent
composition, an adhesive agent liquid (2-2) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

Example 7-3

A test tire of Example 7-3 was manufactured in a similar
manner to Example 7-1 except that, as an adhesive agent
composition, an adhesive agent liquid (2-3) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

Comparative Example 7-1

After forming a cord by twisting a polyester filament
composed of a similar polyester fiber to Comparative
Example 1-1-1 in accordance with the conditions listed on
the Table below, an adhesive agent treatment was performed
using an adhesive agent liquid (2-4) prepared in a similar
manner to the above-mentioned adhesive agent liquid (2-1)
on the cord, thereby obtaining a tire reinforcing polyester
cord of Comparative Example 7-1.

Comparative Example 7-2

Atest tire of Comparative Example 7-2 was manufactured
in a similar manner to Example 7-1 except that, after
forming a cord by twisting a similar polyester filament to
that used in Example 7-1, an adhesive agent treatment was
performed on the cord using a similar adhesive agent
composition to that used in Comparative Example 7-1.

Comparative Example 7-3

Atest tire of Comparative Example 7-2 was manufactured
in a similar manner to Example 7-1 except that, after
forming a cord by twisting a similar polyester filament to
that used in Comparative Example 7-1, an adhesive agent
treatment was performed on the cord using a similar adhe-
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sive agent composition to that used in Example 7-1, and an
adhesive agent treatment was further performed on the cord
using an RFL-based adhesive agent composition.

Comparative Example 7-4

A test tire of Comparative Example 7-4 was manufactured
in a similar manner to Example 7-1 except that a similar
polyester filament composed of polyester fiber to that of
Comparative Example 1-1-2 was used.

Examples 7-4 to 7-10

Test tires of Examples 7-4 to 7-10 were manufactured in
a similar manner to Example 7-1 except that the conditions
of the polyester cord were changed as listed on the Table
below.

For each obtained test tire, the high-speed drum durabil-
ity, irregularity on a side portion, the bead portion drum
durability and the cut performance when a camber angle is
provided were evaluated in accordance with the following.
The obtained results are listed on the Table below in
combination.
<High-Speed Drum Durability (when Camber Angle was
Provided)>

To each test tire, 200% load which is the maximum load
condition in JATMA was applied, the tire was allowed to
travel on a drum when camber angle 4.0° was provided, and
then, the travel distance until failure of the tire occurred was
expressed as an index setting the distance in Comparative
Example 7-4 to 100. The larger the value, the better the
result. At the same time, breaking pattern was observed at
the time of failure.
<Irregularity of Side Portion>

For each test tire, a hollow was evaluated by measuring
the irregularity of tire side portion using a laser when the
inner pressure was 180 kPa and digitizing the peak values.
The results were expressed as indices setting the value in
Comparative Example 7-4 to 100. The larger the value, the
larger the hollow, which is a bad result.
<Bead Portion Durability Drum Test>

Each test tire was allowed to travel on a drum under a high
inner pressure and high load condition, under an inner
pressure of 400 kPa and an load of 5.0 kN, and the durability
was evaluated by the travel distance until the failure of a
bead portion occurred. The result was expressed as an index
setting the distance of Comparative Example 7-4 to 100. The
larger the value, the better the result.
<Cut Performance>

Each test tire was mounted to a prescribed rim, and the tire
is inflated to a prescribed inner pressure. Thereafter, a
convex protrusion, the tip of which had a radius of curvature
of R=10 (mm), was pressed on the side portion to measure
a work required for the side portion to be cut. The results
were indicated as an index setting the work required for side
cut of the tire of the Comparative Example 7-4 to 100. The
larger the value, the better the side cut performance.

TABLE 22

Comparative Comparative Comparative Comparative

Example 7-1 Example 7-2 Example 7-3 Example 7-4

Cord structure (dtex/cord)
The amount of carboxy
group terminal

1100/2

Low

1100/2
High

1100/2

Low

1100/2

Low



US 9,463,669 B2

73 74
TABLE 22-continued

Comparative Comparative Comparative Comparative

Example 7-1 Example 7-2 Example 7-3 Example 7-4
Presence or absence of Absent Present Absent Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-4) (2-4) (2-1) (2-1)
composition
The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 50 x 50
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.50
High-speed drum 80 85 20 100
durability (index)
High-speed drum Carcass Carcass Carcass Carcass
breaking pattern separation separation separation separation
Side irregularity (index) 100 100 100 100
Bead portion drum 100 100 100 100
durability (index)
Cut performance (index) 100 100 100 100

TABLE 23

Example 7-1 Example 7-2 Example 7-3 Example 7-4 Example 7-5
Cord structure (dtex/cord) 110072 1100/2 110072 110072 1100/2
The amount of carboxy High High High High High
group terminal
Presence or absence of Present Present Present Present Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-1) (2-2) (2-3) (2-1) (2-1)
composition
The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 38 x 38 56 x 56
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.38 0.55
High-speed drum 172 162 165 165 158
durability (index)
High-speed drum No carcass  No carcass  No carcass  No carcass  No carcass
breaking pattern separation separation separation separation separation
Side irregularity (index) 100 100 100 100 100
Bead portion drum 100 100 100 20 100
durability (index)
Cut performance (index) 100 100 100 103 95

TABLE 24

Example 7-6 Example 7-7 Example 7-8 Example 7-9 Example 7-10
Cord structure (dtex/cord) 110072 1100/2 940/2 2200/3 1670/3
The amount of carboxy High High High High High
group terminal
Presence or absence of Present Present Present Present Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-1) (2-1) (2-1) (2-1) (2-1)
composition
The number of twist (/10 cm) 42 x 42 54 x 54 54 x 54 29 x 29 33 x 33
Twisting coeflicient Nt(—) 0.42 0.54 0.50 0.50 0.50
High-speed drum 165 160 150 150 160
durability (index)
High-speed drum No carcass  No carcass  No carcass  No carcass No carcass
breaking pattern separation separation separation separation separation
Side irregularity (index) 100 100 100 106 100
Bead portion drum 100 100 100 100 100
durability (index)
Cut performance (index) 100 100 95 100 100

60
As shown in the above-mentioned Table, it was confirmed Example 8-1

that, in a test tire of each of the Examples, the occurrence of
delamination fracture of a carcass ply was inhibited in a After forming a cord by twisting a polyester filament
high-speed durability performance test when camber angle .. composed of the polyester fiber obtained in a similar manner
was provided without compromising other performances, to Example 1-1 in accordance with the conditions listed on

thereby improving the high-speed durability performance. the Table below, the cord was subjected to an adhesive agent
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treatment by using an adhesive agent liquid (2-1) in a step
illustrated in FIG. 11, to obtain a tire reinforcing polyester
cord.

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a carcass ply
of a run-flat tire having a tire size of 245/45R19 to manu-
facture a test tire of Example 8-1. The test tire comprises a
pair of left-and-right bead portions, a pair of side wall
portions each continuing from the bead portion to the
outside in the tire radial direction, a tread portion bridging
between the pair of side wall portions to form a contacting
portion, and further comprising a carcass composed of two
carcass plies extending toroidally between the pair of bead
portions to reinforce each of these portions, and a side
reinforcing rubber layer having a crescent shaped cross-
section arranged inside the carcass at the side wall portion,
wherein the carcass ply is composed of the reinforcing
member. The test tire comprised, on the outside in the tire
radial direction of a crown portion of the carcass, a belt
(material: steel) composed of two belt layers arranged
crossing each other at angles of +40° with respect to the tire
circumferential direction, and, one cap layer covering the
whole belt and a pair of layered layers (material: nylon)
covering only both the end portions of the belt.

Example 8-2

A test tire of Example 8-2 was manufactured in a similar
manner to Example 8-1 except that, as an adhesive agent
composition, an adhesive agent liquid (2-2) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

Example 8-3

A test tire of Example 8-3 was manufactured in a similar
manner to Example 8-1 except that, as an adhesive agent
composition, an adhesive agent liquid (2-3) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

Comparative Example 8-1

After forming a cord by twisting a polyester filament
composed of a similar polyester fiber to Comparative
Example 1-1-1 in accordance with the conditions listed on
the Table below, an adhesive agent treatment was performed
using an adhesive agent liquid (2-4) prepared in a similar
manner to the above-mentioned adhesive agent liquid (2-1)
on the cord, thereby obtaining a tire reinforcing polyester
cord of Comparative Example 8-1.

Comparative Example 8-2

Atest tire of Comparative Example 8-2 was manufactured
in a similar manner to Example 8-1 except that, after
forming a cord by twisting a similar polyester filament to
that used in Example 8-1, an adhesive agent treatment was
performed on the cord using a similar adhesive agent
composition to that used in Comparative Example 8-1.

Comparative Example 8-3

Atest tire of Comparative Example 8-3 was manufactured
in a similar manner to Comparative Example 8-1 except that,
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after forming a cord by twisting a similar polyester filament
to that used in Comparative Example 8-1, an adhesive agent
treatment was performed on the cord using a similar adhe-
sive agent composition to that used in Example 8-1.

Comparative Example 8-4

A test tire of Comparative Example 8-4 was manufactured
in a similar manner to Example 8-1 except that a similar
polyester filament composed of polyester fiber to that of
Comparative Example 1-1-2 was used.

Examples 8-4 to 8-10

Test tires of Examples 8-4 to 8-10 were manufactured in
a similar manner to Example 8-1 except that the conditions
of the polyester cord were changed as listed on the Table
below.

For each obtained test tire, the run-flat drum durability,
irregularity on a side portion, the bead portion drum dura-
bility and the cut performance were evaluated in accordance
with the following. The obtained results are listed on the
Table below in combination.

<Run-Flat Drum Durability>

Without inflating each test tire to an inner pressure, the
tire was allowed to travel on a drum under conditions, a load
0of'4.17 kN, a speed of 89 km/h, and a temperature of 38° C.,
and then, the travel distance until failure of the tire occurred
was measured and expressed as an index setting the distance
in Comparative Example 8-4 to 100. The larger the index
value, the longer the travel distance until failure of the tire
occurred, which means an excellent run-flat durability. At
the same time, breaking pattern was observed at the time of
failure.

<Irregularity of Side Portion>

For each test tire, a hollow was evaluated by measuring
the irregularity of tire side portion using a laser when the
inner pressure was 180 kPa and digitizing the peak values.
The results were expressed as indices setting the value in
Comparative Example 8-4 to 100. The larger the value, the
larger the hollow, which is a bad result.

<Bead Portion Durability Drum Test>

Each test tire was allowed to travel on a drum under a high
inner pressure and high load condition, under an inner
pressure of 400 kPa and an load of 5.0 kN, and the durability
was evaluated by the travel distance until the failure of a
bead portion occurred. The result was expressed as an index
setting the distance of Comparative Example 8-4 to 100. The
larger the value, the better the result.

<Cut Performance>

Each test tire was mounted to a prescribed rim, and the tire
is inflated to a prescribed inner pressure. Thereafter, a
convex protrusion, the tip of which had a radius of curvature
of R=10 (mm), was pressed on the side portion to measure
a work required for the side portion to be cut. The results
were indicated as an index setting the work required for side
cut of the tire of the Comparative Example 8-4 to 100. The
larger the value, the better the side cut performance.
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TABLE 25

Comparative Comparative Comparative Comparative
Example 8-1 Example 8-2 Example 8-3 Example 8-4

Cord structure (dtex/cord) 110072 1100/2 110072 110072
The amount of carboxy Low High Low Low
group terminal

Presence or absence of Absent Present Absent Present

Surface treatment of
polyester filament

Adhesive agent liquid (2-4) (2-4) (2-1) (2-1)
composition
The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 50 x 50
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.50
Run-flat durability (index) 80 85 20 100
Run-flat durability Carcass Carcass Carcass Carcass
breaking pattern separation separation separation separation
Side irregularity (index) 100 100 100 100
Bead portion drum 100 100 100 100
durability (index)
Cut performance (index) 100 100 100 100
TABLE 26

Example 8-1 Example 8-2 Example 8-3 Example 8-4 Example 8-5

Cord structure (dtex/cord) 110072 1100/2 110072 110072 1100/2
The amount of carboxy High High High High High

group terminal

Presence or absence of Present Present Present Present Present

Surface treatment of
polyester filament

Adhesive agent liquid (2-1) (2-2) (2-3) (2-1) (2-1)
composition
The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 38 x 38 56 x 56
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.38 0.56
Run-flat durability (index) 172 162 165 172 158
Run-flat durability No carcass  No carcass  No carcass  No carcass  No carcass
breaking pattern separation separation separation separation separation
Side irregularity (index) 100 100 100 100 100
Bead portion drum 100 100 100 20 100
durability (index)
Cut performance (index) 100 100 100 103 95
TABLE 27

Example 8-6 Example 8-7 Example 8-8 Example 8-9 Example 810

Cord structure (dtex/cord) 110072 1100/2 940/2 2200/3 1670/3
The amount of carboxy High High High High High
group terminal

Presence or absence of Present Present Present Present Present

Surface treatment of
polyester filament

Adhesive agent liquid (2-1) (2-1) (2-1) (2-1) (2-1)
composition
The number of twist (/10 cm) 42 x 42 54 x 54 54 x 54 29 x 29 33 x 33
Twisting coeflicient Nt(—) 0.42 0.54 0.50 0.50 0.50
Run-flat durability (index) 172 160 150 150 160
Run-flat durability No carcass  No carcass  No carcass  No carcass No carcass
breaking pattern separation separation separation separation separation
Side irregularity (index) 100 100 100 106 100
Bead portion drum 100 102 100 100 100
durability (index)
Cut performance (index) 100 100 95 100 100

As shown in the above-mentioned Table, it was confirmed Example 9-1

that, in a test tire of each of the Examples, the occurrence of

delamination fracture of a carcass ply was inhibited without 65 After forming a cord by twisting a polyester filament
compromising other performances, thereby improving the composed of the polyester fiber obtained in a similar manner
run-flat durability performance. to Example 1-1 in accordance with the conditions listed on
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the Table below, the cord was subjected to an adhesive agent
treatment by using an adhesive agent liquid (2-1) in a step
illustrated in FIG. 11, to obtain a tire reinforcing polyester
cord.

The obtained polyester cord for reinforcing a tire was
rubberized, and a treat having an end count of 50/50 mm was
manufactured, and then the treat was applied to a reinforcing
cord layer of a run-flat tire having a tire size of 245/45R19
to manufacture a test tire of Example 9-1. The test tire
comprises a pair of left-and-right bead portions, a pair of
side wall portions each continuing from the bead portion to
the outside in the tire radial direction, a tread portion
bridging between the pair of side wall portions to form a
contacting portion, and further comprising a carcass com-
posed of two carcass plies (material: rayon) extending
toroidally between the pair of bead portions to reinforce
each of these portions, and a side reinforcing rubber layer
having a crescent shaped cross-section arranged inside the
carcass at the side wall portion, wherein the carcass ply is
composed of the reinforcing member. The test tire com-
prised, on the outside in the tire radial direction of a crown
portion of the carcass, a belt (material: steel) composed of
two belt layers arranged crossing each other at angles of
+40° with respect to the tire circumferential direction, and,
one cap layer covering the whole belt and a pair of layered
layers (material: nylon) covering only both the end portions
of the belt. The cord angle of the reinforcing cord layer was
0° with respect to the tire radial direction, and the reinforc-
ing cord layer was arranged at a position illustrated in FIG.
4.

Example 9-2

A test tire of Example 9-2 was manufactured in a similar
manner to Example 9-1 except that, as an adhesive agent
composition, an adhesive agent liquid (2-2) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

Example 9-3

A test tire of Example 9-3 was manufactured in a similar
manner to Example 9-1 except that, as an adhesive agent
composition, an adhesive agent liquid (2-3) prepared in a
similar manner to the above-mentioned adhesive agent liq-
uid (2-1) was used.

Comparative Example 9-1

After forming a cord by twisting a polyester filament
composed of a similar polyester fiber to Comparative
Example 1-1-1 in accordance with the conditions listed on
the Table below, an adhesive agent treatment was performed
using an adhesive agent liquid (2-4) prepared in a similar
manner to the above-mentioned adhesive agent liquid (2-1)
on the cord, thereby obtaining a tire reinforcing polyester
cord of Comparative Example 9-1.

Comparative Example 9-2

Atest tire of Comparative Example 9-2 was manufactured
in a similar manner to Example 9-1 except that, after
forming a cord by twisting a similar polyester filament to
that used in Example 9-1, an adhesive agent treatment was
performed on the cord using a similar adhesive agent
composition to that used in Comparative Example 9-1.
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Comparative Example 9-3

A test tire of Comparative Example 9-3 was manufactured
in a similar manner to Comparative Example 9-1 except that,
after forming a cord by twisting a similar polyester filament
to that used in Comparative Example 9-1, an adhesive agent
treatment was performed on the cord using a similar adhe-
sive agent composition to that used in Example 9-1, and an
adhesive agent treatment was further performed on the cord
using an RFL-based adhesive agent composition.

Comparative Example 9-4

A test tire of Comparative Example 9-4 was manufactured
in a similar manner to Example 9-1 except that a similar
polyester filament composed of polyester fiber to that of
Comparative Example 1-1-2 was used.

Examples 9-4 to 9-10

Test tires of Examples 9-4 to 9-10 were manufactured in
a similar manner to Example 9-1 except that the conditions
of the polyester cord were changed as listed on the Table
below.

Example 9-11

A test tire of Example 9-11 was manufactured in a similar
manner to Example 9-1 except that the cord angle of the
reinforcing cord layer was 30° with respect to the tire radial
direction.

For each obtained test tire, the riding comfort, the run-flat
drum durability, irregularity on a side portion and the cut
performance were evaluated in accordance with the follow-
ing. The obtained results are listed on the Table below in
combination.

<Riding Comfort>

Each test tire was inflated to an inner pressure of 230 kPa,
the load-distortion curve was determined, and a vertical
spring constant with respect to the load was calculated by the
slope of a tangent on the obtained load-distortion curve at a
certain load. The results were expressed as indices setting
the value of vertical spring constant of the tire in Compara-
tive Example 9-4 to 100. The larger the index value, the
larger the vertical spring constant, which means bad riding
comfort.

<Run-Flat Drum Durability>

Without inflating each test tire to an inner pressure, the
tire was allowed to travel on a drum under conditions, a load
0of'4.17 kN, a speed of 89 km/h, and a temperature of 38° C.,
and then, the travel distance until failure of the tire occurred
was measured and expressed as an index setting the distance
in Comparative Example 9-4 to 100. The larger the index
value, the longer the travel distance until failure of the tire
occurred, which means an excellent run-flat durability. At
the same time, breaking pattern was observed at the time of
failure.

<Irregularity of Side Portion>

For each test tire, a hollow was evaluated by measuring
the irregularity of tire side portion using a laser when the
inner pressure was 180 kPa and digitizing the peak values.



The results were expressed as indices setting the value in
Comparative Example 9-4 to 100. The larger the value, the
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larger the hollow, which is a bad result.

<Cut Performance>

Each test tire was mounted to a prescribed rim, and the tire 5
is inflated to a prescribed inner pressure. Thereafter, a
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convex protrusion, the tip of which had a radius of curvature
of R=10 (mm), was pressed on the side portion to measure

a work required for the side portion to be cut. The results
were indicated as an index setting the work required for side

cut of the tire of the Comparative Example 9-4 to 100. The
larger the value, the better the side cut performance.

TABLE 28

Comparative Comparative Comparative Comparative
Example 9-1 Example 9-2 Example 9-3 Example 9-4

Cord structure (dtex/cord) 110072 110072 110072 110072
The amount of carboxy Low High Low Low
group terminal
Presence or absence of Absent Present Absent Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-4) (2-4) (2-1) (2-1)
composition
The number of twist (/10 cm) 50 x 50 50 x 50 50 x 50 50 x 50
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.50
Cord angle of reinforcing 0 0 0 0
cord layer(®)
Riding comfort (index) 100 100 100 100
Run-flat durability (index) 80 85 90 100
Run-flat durability reinforcing  reinforcing  reinforcing  reinforcing
breaking pattern cord layer cord layer cord layer cord layer
separation separation separation separation
Side irregularity (index) 100 100 100 100
Cut performance (index) 100 100 100 100
TABLE 29
Example Example Example Example Example Example
9-1 9-2 9-3 9-4 9-5 9-6
Cord structure (dtex/cord) 1100/2 1100/2 1100/2 1100/2 1100/2 1100/2
The amount of carboxy High High High High High High
group terminal
Presence or absence of Present Present Present Present Present Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-1) (2-2) (2-3) (2-1) (2-1) (2-1)
composition
The number of twist 50 x 50 50 x 50 50 x 50 18 x 18 59 x 59 22 x 22
(/10 cm)
Twisting coeflicient Nt(—) 0.50 0.50 0.50 0.18 0.59 0.22
Cord angle of reinforcing 0 0 0 0 0 0
cord layer(®)
Riding comfort (index) 100 100 100 95 102 98
Run-flat durability 172 162 165 142 147 165
(index)
Run-flat durability no no no no no no
breaking pattern reinforcing  reinforcing  reinforcing  reinforcing  reinforcing  reinforcing
cord layer cord layer cord layer cord layer cord layer cord layer
separation separation separation separation separation separation
Side irregularity (index) 100 100 100 100 100 100
Cut performance (index) 100 100 100 100 98 100
TABLE 30
Example 9-7 Example 9-8 Example 9-9 Example 9-10  Example 9-11
Cord structure (dtex/cord) 110072 940/2 2200/3 1670/3 110072
The amount of carboxy High High High High High
group terminal
Presence or absence of Present Present Present Present Present
Surface treatment of
polyester filament
Adhesive agent liquid (2-1) (2-1) (2-1) (2-1) (2-1)
composition
The number of twist (/10 cm) 54 x 54 54 x 54 29 x 29 33 x 33 50 x 50
Twisting coefficient Nt(—) 0.42 0.50 0.50 0.50 0.50
Cord angle of reinforcing 0 0 0 0 30

cord layer(®)
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TABLE 30-continued

Example 9-7 Example 9-8 Example 9-9 Example 9-10

Riding comfort (index) 100 100 99
Run-flat durability (index) 161 150 150
Run-flat durability no no no
breaking pattern reinforcing  reinforcing  reinforcing
cord layer cord layer cord layer
separation separation separation
Side irregularity (index) 100 100 106
Cut performance (index) 100 95 105

84
Example 9-11
100 100
160 165
no no
reinforcing reinforcing
cord layer cord layer
separation separation
100 100
103 100

As shown in the above-mentioned Table, it was confirmed
that, in a test tire of each of the Examples, the occurrence of
delamination fracture of a reinforcing cord layer was inhib-
ited without compromising other performances, thereby
improving the run-flat durability performance.

DESCRIPTION OF SYMBOLS

1, 31 bead core

2, 32 carcass ply

3a, 3b, 33a, 335 belt

4, 5, 34, 35 belt reinforcing layer

6 insert

11, 41 bead portion

12, 42 side wall portion

13, 43 tread portion

21 rubber test piece

22 tire reinforcing polyester cord
23 pulley

10, 20, 30, 40, 50, 60 reinforcing cord layer
51, 61 bead portion

52, 62 side wall portion

53, 63 tread portion

54, 64 carcass

55, 65 side reinforcing rubber layer
56, 66 bead core

57, 67 bead filler

58, 68 belt

59A, 59B, 69A, 69B belt reinforcing layer
64a body portion of carcass

645 turn-up portion of carcass

101 unwinding apparatus

102 cord

103 adhesive agent liquid

104 drying zone

105 heat set zone

106 normalizing zone

107 winding apparatus

The invention claimed is:

1. A tire in which a rubber-cord complex composed of a
polyester cord and a rubber is used as a reinforcing member,
characterized in that

the polyester cord is formed by twisting polyester fila-

ments, and then subjecting the twisted filaments to an
adhesive agent treatment by using an adhesive agent
composition, and that

the polyester filament is made of a polyester fiber which

is composed of a polyester having ethylene terephtha-
late as a main repeating unit and having an intrinsic
viscosity of 0.85 or higher, wherein

the amount of terminal carboxy group in the fiber is 20

equivalent/ton or larger, the long period according to
small-angle X-ray diffraction is 9 to 12 nm, and a
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surface treatment agent having an epoxy group is
attached to the surface of the fiber and wherein

the amount of terminal carboxy group on the surface of

the polyester fiber is 10 equivalent/ton or smaller.

2. The tire according to claim 1, wherein the crystal size
of the polyester fiber in the fiber lateral axis direction is 35
to 80 nm?.

3. The tire according to claim 1, wherein the amount of
terminal methyl group in the polyester fiber is 2 equivalent/
ton or smaller.

4. The tire according to claim 1, wherein the titanium
oxide content in the polyester fiber is 0.05 to 3.0% by mass.

5. The tire according to claim 1, wherein the epoxy index
on the surface of the polyester fiber is 1.0x10~> equivalent/
kg or lower.

6. The tire according to claim 1, wherein the adhesive
agent composition contains (A) a thermoplastic high
molecular weight polymer composed of an ethylene addition
polymer containing a 2-oxazoline group or a (blocked)
isocyanate group, or a urcthane-based high molecular
weight polymer containing a hydrazino group, (B) a water-
soluble polymer composed of a copolymer containing a
maleic anhydride unit and an isobutylene unit or derivatives
thereof, (C) a reaction product of diphenylmethane diiso-
cyanate and a thermally dissociating blocking agent for
isocyanate groups, a condensate of resorcin and formalde-
hyde obtained by a novolac forming reaction, a condensate
of chlorophenol, resorcin, and formaldehyde, a compound
composed of an epoxycresol novolac resin, or an aqueous
urethane compound obtained by reacting organic polyiso-
cyanates having a structure in which aromatics are bonded
by methylene, a compound having a plurality of active
hydrogen atoms, and a thermally dissociating blocking agent
for isocyanate groups, and (D) an aliphatic epoxide com-
pound.

7. The tire according to claim 6, wherein the polyester
cord is further subjected to an adhesive agent treatment by
a resorcin-formaldehyde-latex adhesive agent composition.

8. The tire according to claim 6, wherein the adhesive
agent composition further contains at least one selected from
the group consisting of (E) a metal salt, (F) a metal oxide,
and (G) a rubber latex.

9. The tire according to claim 6, comprising a carcass ply
extending toroidally between a pair of left-and-right bead
portions as a skeleton, at least one belt arranged on the
crown portion of the carcass outside in the tire radial
direction, at least one cap layer covering the whole width of
the belt, and at least one pair of layered layers covering both
end portions of the belt in the width direction, wherein the
reinforcing member is used for one of or both of the cap
layer and the layered layer.

10. The tire according to claim 6, comprising a carcass ply
extending toroidally between a pair of left-and-right bead
portions as a skeleton, wherein the carcass ply is composed
of the reinforcing member.
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11. The tire according to claim 10, wherein the twisting
coeflicient Nt defined by the formula of the polyester cord
below:

Ni=tan 6=0.001xNx(0.125xD/p)*? 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is from 0.40 to 0.60.

12. The tire according to claim 10, wherein the total
fineness of the polyester cord is from 2000 dtex to 5100 dtex.

13. The tire according to claim 10, wherein the melting
point of the polyester cord is 220° C. or higher.

14. The tire according to claim 6, comprising a pair of
left-and-right bead portions, a pair of side wall portions each
continuing from the bead portion to the outside in the tire
radial direction, a tread portion bridging between the pair of
side wall portions to form a contacting portion, and further
comprising a carcass composed of one or more carcass plies
extending toroidally between the pair of bead portions to
reinforce each of these portions, and a side reinforcing
rubber layer having a crescent shaped cross-section arranged
inside the carcass at the side wall portion, wherein the
carcass ply is composed of the reinforcing member.

15. The tire according to claim 14, wherein the twisting
coeflicient Nt defined by the formula of the polyester cord
below:

Ni=tan 6=0.001xNx(0.125xD/p)!2 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is from 0.40 to 0.55.

16. The tire according to claim 14, wherein the total
fineness of the polyester cord is from 2000 dtex to 5100 dtex.

17. The tire according to claim 14, wherein the melting
point of the polyester cord is 220° C. or higher.

18. The tire according to claim 6, comprising a pair of
left-and-right bead portions, a pair of side wall portions each
continuing from the bead portion to the outside in the tire
radial direction, a tread portion bridging between the pair of
side wall portions to form a contacting portion, and further
comprising a carcass composed of one or more carcass plies
extending toroidally between the pair of bead portions to
reinforce each of these portions, at least one belt arranged on
the crown portion of the carcass outside in the tire radial
direction, and a side reinforcing rubber layer having a
crescent shaped cross-section arranged inside the carcass at
the side wall portion, wherein one or more reinforcing cord
layers are arranged at least outside of the carcass in the tire
width direction at the tire maximum width position, and the
reinforcing cord layer is composed of the reinforcing mem-
ber.

19. The tire according to claim 18, wherein the cord angle
of' the reinforcing cord layer is smaller than 10° with respect
to the tire radial direction.

20. The tire according to claim 18, wherein the reinforcing
cord layer extends at least from the end portion of the belt
along the carcass to the outside of the bead core in the tire
radial direction.

21. The tire according to claim 18, wherein the reinforcing
cord layer extends from at least the end portion of the belt
along the carcass to the outside of the bead core in the tire
width direction.

22. The tire according to claim 18, wherein the twisting
coeflicient Nt defined by the formula of the polyester cord
below:

Ni=tan 6=0.001xNx(0.125xD/p)*? 1)
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(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is from 0.20 to 0.55.

23. The tire according to claim 18, wherein the total
fineness of the polyester cord is from 2000 dtex to 5100 dtex.

24. The tire according to claim 18, wherein the carcass ply
is composed of a rubberized cord layer, the cord being
composed of a polyethylene terephthalate or cellulose fiber.

25. The tire according to claim 1, wherein, for the
adhesive agent composition, those containing resorcin,
formaldehyde, rubber latex, an emulsion-polymerized
blocked isocyanate compound, and ammonia, wherein the
content of the emulsion-polymerized blocked isocyanate
compound is 15 to 45% by mass are used.

26. The tire according to claim 25, wherein the ammonia
is contained in the adhesive agent composition at a rate of
0.5 to 5.0 mol with respect to 1.0 mol of the resorcin.

27. The tire according to claim 25, wherein the rubber
latex is a copolymer rubber latex of vinylpyridine, styrene
and butadiene.

28. The tire according to claim 27, wherein the rubber
latex is a copolymer rubber latex having a double structure
composed of a two-stage polymerization of vinylpyridine,
styrene and butadiene.

29. The tire according to claim 25, comprising a carcass
ply extending toroidally between a pair of left-and-right
bead portions as a skeleton, at least one belt arranged on the
crown portion of the carcass outside in the tire radial
direction, at least one cap layer covering the whole width of
the belt, and at least one pair of layered layers covering both
end portions of the belt in the width direction, wherein the
reinforcing member is used for one of or both of the cap
layer and the layered layer.

30. The tire according to claim 25, comprising a carcass
ply extending toroidally between a pair of left-and-right
bead portions as a skeleton, wherein the carcass ply is
composed of the reinforcing member.

31. The tire according to claim 30, wherein the twisting
coeflicient Nt defined by the formula of the polyester cord
below:

Ni=tan 6=0.001xNx(0.125xD/p)*? 1)
(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is from 0.40 to 0.60.

32. The tire according to claim 30, wherein the total
fineness of the polyester cord is from 2000 dtex to 5100 dtex.

33. The tire according to claim 30, wherein the melting
point of the polyester cord is 220° C. or higher.

34. The tire according to claim 25, comprising a pair of
left-and-right bead portions, a pair of side wall portions each
continuing from the bead portion to the outside in the tire
radial direction, a tread portion bridging between the pair of
side wall portions to form a contacting portion, and further
comprising a carcass composed of one or more carcass plies
extending toroidally between the pair of bead portions to
reinforce each of these portions, and a side reinforcing
rubber layer having a crescent shaped cross-section arranged
inside the carcass at the side wall portion, wherein the
carcass ply is composed of the reinforcing member.

35. The tire according to claim 34, wherein the twisting
coeflicient Nt defined by the formula of the polyester cord
below:

Ni=tan 6=0.001xNx(0.125xD/p)*? 1)
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(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is from 0.40 to 0.55.

36. The tire according to claim 34, wherein the total
fineness of the polyester cord is from 2000 dtex to 5100 dtex.

37. The tire according to claim 34, wherein the melting
point of the polyester cord is 220° C. or higher.

38. The tire according to claim 25, comprising a pair of
left-and-right bead portions, a pair of side wall portions each
continuing from the bead portion to the outside in the tire
radial direction, a tread portion bridging between the pair of
side wall portions to form a contacting portion, and further
comprising a carcass composed of one or more carcass plies
extending toroidally between the pair of bead portions to
reinforce each of these portions, at least one belt arranged on
the crown portion of the carcass outside in the tire radial
direction, and a side reinforcing rubber layer having a
crescent shaped cross-section arranged inside the carcass at
the side wall portion, wherein one or more reinforcing cord
layers are arranged at least outside of the carcass in the tire
width direction at the tire maximum width position, and the
reinforcing cord layer is composed of the reinforcing mem-
ber.

10

15

20

88

39. The tire according to claim 38, wherein the cord angle
of' the reinforcing cord layer is smaller than 10° with respect
to the tire radial direction.

40. The tire according to claim 38, wherein the reinforcing
cord layer extends at least from the end portion of the belt
along the carcass to the outside of the bead core in the tire
radial direction.

41. The tire according to claim 38, wherein the reinforcing
cord layer extends from at least the end portion of the belt
along the carcass to the outside of the bead core in the tire
width direction.

42. The tire according to claim 38, wherein the twisting
coeflicient Nt defined by the formula of the polyester cord
below:

Ni=tan §=0.001xNx(0.125xD/p)}? 1)

(wherein N represents the number of twist (/10 cm), p
represents the density of the cord (g/cm?), D is the total
decitex (dtex) of the cord) is from 0.20 to 0.55.

43. The tire according to claim 38, wherein the total
fineness of the polyester cord is from 2000 dtex to 5100 dtex.

44. The tire according to claim 38, wherein the carcass ply
is composed of a rubberized cord layer, the cord being
composed of a polyethylene terephthalate or cellulose fiber.
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